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THE WHITE Spruce, Picea glauca Voss (P. canadensis of most 
American authors) is- the predominating forest tree throughout the 
central part of the Mackenzie basin, where its dark green spire-like 
tops give primary character to nearly every landscape. A traveler 
descending the Athabaska or Peace River gets the impression that the 
country is mantled with a heavy spruce forest, but this proves to be an 
illusion if short inland excursions are made, even if not more than a 
hundred yards from the river. A considerable part of the timber is 
found to be on the immediate banks of the rivers, while large areas in 
the flood plains through which the streams flow are covered with marsh 
lands separated by low natural levees which hold other narrow bands of 
timber. This lowland spruce forest is a nearly pure stand of tall, 
straight-boled trees, with a relatively thick undergrowth of Gray 
Willow, Salix Bebbiana, Mooseberry, Viburnum pauciflorum, Red-osier 
Dogwood, Cornus stolonifera, and a wild Rose, Rosa acicularis. There 
is a mat of woodland mosses on the ground in the older of these 
forests, but it is everywhere thin and in places almost non-existent. A 
prominent herbaceous species is Equisetum pratense, which often makes 
a continuous greensward on the forest floor. The lowland Spruce is 
common in suitable situations throughout the central part of the 
Mackenzie basin and far northward along the main streams. As would 
be expected it is but scantily developed eastward in the pre-Cambrian 
country where the thinness of the soils and the absence of large streams 
has precluded the formation of extensive alluvial deposits. 

A spruce timber which is closely related floristically to that of the 
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lowlands is found on the gently rolling surfaces of the upland country 
south and west of the Athabaska-Great Slave Lake region where it is 
interspersed with wide areas of Banksian Pine, Pinus Banksiana Lamb. 
It also occurs, although in a modified form, on the lower slopes of the 
northern Rocky Mountains in the upper Peace and Liard River basins. 
Where not disturbed for long periods this forest is a nearly pure stand 
of the Spruce in the more northern sections, while it is accompanied by 
Abies farther south, A. Jasiocarpa in the mountains and A. balsamea 
in the southern and southeastern sections. Toward the mountains 
Banksian Pine is replaced by the Lodge-pole Pine, P. contorta var. 
latifolia. Various forms of White Birch, Betula papyrifera and var. 
occidentalis, and B. neoalaskana, are of frequent though not dominant 
occurrence. The ground cover is usually a mat of woodland mosses 
with a very sparse herbaceous growth; and the shrub cover is also thin, 
consisting chiefly of Viburnum pauciflorum, Alnus crispa, Salix Beb- 
biana, Shepherdia canadensis, and Rosa acicularis. The whole differs 
from that of the lowlands mainly in having a thicker moss cover, rela- 
tively lighter shrub growth, and but few herbs. In the mountains the 
shrubs are more numerous in species and individuals, with the addition 
of Acer glabrum var. Douglasti and Oplopanax horridum. 

The highest and oldest land surfaces on the uplands are on the tops 
of the erosion plateaus which make the heights of land between the 
larger streams. The Caribou and Birch Mountains, and the Buffalo 
Head Hills are typical of these. Their forests have not been exten- 
sively investigated, but they seem to be characterized by Cordilleran 
elements. In the Lesser Slave Lake region they contain the Lodge-pole 
Pine and the Subalpine Fir, Abies lasiocarpa, while at the eastern edge 
of the Caribou Mountains the former has been found. 

Still another type of spruce forest occurs in isolated localities in the 
central part of the Mackenzie basin as well as in the northern Saskatche- 
wan River drainage of central Alberta. About 20 miles west of the 
upper Slave River, near the southeastern end of Lane Lake, is a highly 
morainic country composed largely of sand. On the tops of the high- 
est hills there are open park-like woods in which the individual spruce 
trees grow with their lower branches on the ground, and in which there 
is very little shrub growth. The ground cover is principally of lichens, 
Cetraria nivalis, C. islandica, Cladonia alpestris, etc., and some mat- 
forming heaths, Arctostaphylos Uva-ursi, and Vaccinium Vitis-Idaea 
var. minus. Farther westward, near Moose (Eight) Lake, other sandy 
hills have a similar vegetation. Dr. E. H. Moss has described an iso- 
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lated stand of Spruce in central Alberta near Edmonton! which occu- 
pies a similar habitat and seems both floristically and structurally 
similar to those farther north. It should be noted that these open 
stands of Spruce occur as “islands” in the ordinary mossy spruce woods 
described above, or in the dry pine woods. On the high morainic hills, 
in fact, the Pines occupy the lower slopes while the park-like Spruce is 
confined to the tops. 

Characteristic features of the northwest shores of Lake Athabaska 
are sand plains and ancient beaches which are many feet above the 
present level of the lake and form gentle slopes away from the rocky 
hills. The hills have a scraggly and stunted growth chiefly of scattered 
Jack Pines, while the plains have an open park-like timber of the same 
species mixed with Black Spruce, Picea mariana, and White Birch.’ 
The ground cover in the latter woods is of lichens, Cladonia alpestris, 
Cetraria nivalis, etc., and a few mats of Arctostaphylos Uva-ursi, Vac- 
cinium Vitis-Idaea var. minus, and Crowberry, Empetrum nigrum. A 
few taller shrubs are present, the most common being the Blueberry, 
Vaccinium canadense. A further examination of the inland country 
reveals that the White Spruce may occur in some abundance, but 
always on local flood plains where small quantities of alluvial silts have 
been sorted and deposited much as they are along the main rivers. 
Otherwise it is rather occasional in rock crevices and small soil accumu- 
lations in exposed situations. The upland pine woods west of the 
Slave River grow on sandy soils, and in their younger stages, as will 
be noted below, closely resemble those just described. 

If the observations are continued farther northeastward in the pre- 
Cambrian country to the eastern part of Great Slave Lake it is noted 
at once that the Pine has nearly disappeared from the forests, its place 
being taken almost entirely by the White Spruce. Rocky hills have 
stunted Spruces with gnarled and twisted trunks, and the sand plains 
such as are found at the eastern end of the lake have an open spruce 
wood which has the general aspect of the pine woods farther south.* 
The park-like timber is nearly identical with that of the high morainic 
hills referred to above. 5 


iMoss, E. H. The Vegetation of Alberta, iv. The Poplar Association and Related 
Vegetation of Central Alberta. (Jour. Ecol. xx. 412-3. 1932.) 


2Raup, H. M. A Survey of the Vegetation of Shelter Point, Athabaska Lake. 
(Univ. of Pittsburgh Bull. xxv. Oct. 25, 1928.) 


3Raup, H. M. The Vegetation of the Fort Reliance Sand Plain. (Annals of the 
Carnegie Mus. xx. 9-38. 1930.) 
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To these facts must be added some recent findings on the north shore 
of Lake Athabaska. About 25 miles northeast of Chipewyan, Sand 
Point juts out into the lake to a distance of about 2 miles. It is com- 
posed entirely of sand, at least at the surface, and has its greatest 
elevations about a mile from its base. The eastern side of the point 
has been greatly modified by wind and wave action so that back of a 
long sand beach there is a steep bank of sliding sand in places about 
50 feet high. The tops and upper western slopes of the sandy ridges 
are more stable and have an open spruce timber similar to that on 
Great Slave Lake. Other sandy ridges and plains nearer the base of 
the point are given over to the Pine. 

To recapitulate, there are three types of white spruce forests in the 
central part of the Mackenzie basin. One is of recent development on 
the flood plains of streams where all the processes in its formation upon 
newly exposed alluvial deposits may be seen. It is characterized by a 
rather thin moss cover on the ground, and by a relatively dense under- 
growth. A second is widely distributed on the lighter and better 
drained soils of the uplands, especially where it has not been much 
disturbed by fire or other agency. It has a much thicker moss mat 
(4-5 inches) than that of the flood plains, and a rather sparse under- 
growth. In the southern sections and in the mountains the Firs are 
associated with both of these types. The third type has an open, 
park-like stand of trees in which there is very little undergrowth and 
no mat of mosses on the ground. The place of the latter is taken by a 
lichen and heath mat. This type has a scattered distribution in the 
southwestern portions of the region where it is confined to the tops of 
high sandy ridges or exposed sandy promontories like Sand Point on 
Lake Athabaska. On Great Slave Lake, however, it is much more 
common, covering large areas of sand plain and rocky upland. It is 
- in the form of the last type, with minor modifications, that the Spruce 
reaches its extreme limit in the arctic tundra.* 

Random notes made by travelers northeast and east of the Atha- 
baska Lake country suggest a similar arrangement of forest types. 
J. B. Tyrrell described spruce woods along the Dubaunt and Kazan 
Rivers which must be like those seen on Great Slave Lake.’ Also, 
judging from his descriptions the northern limits of the Jack Pine on 


1TyrRRELL, J. B. Report on the Doobaunt, Kazan and Fergusin Rivers and the 
North-west Coast of Hudson Bay. (Canad. Geol. Surv. Ann. Rept. rx. 163F and 
214F. 1898.) 

Seron, E. T. The Arctic Prairies. New York, Charles Scribner’s Sons (1911). 
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these streams are at Selwyn and Theitaga Lakes, respectively, between 
50 and 100 miles south of the northern limit of timber. In another 
report’ Tyrrell has this interesting observation, “One small isolated 
grove of White Spruce was found on a high sandy island in Hatchet 
Lake, standing out conspicuously in the midst of the surrounding forest 
of small Black Spruce.” Hatchet Lake is about 100 miles southeast 
of the eastern end of Lake Athabaska, and far into the range of the 
Pine, so that we may look upon this grove as another isolated southern 
stand of the third type similar to those described above. 

There have been striking changes in the land forms of the region in 
post-Pleistocene time. Topographic evidence indicates that. the ice 
front retreated from southwest to northeast across the country, holding 
impounded for considerable periods the waters of the Athabaska and 
Peace Rivers to form a series of post-Glacial lakes which were pro- 
gressively smaller, lower in elevation, and more recent, to the north- 
eastward.” Morainic deposits left by the melting ice included high 
ridges which must have stood out as islands in the lower lakes. Thus 
we may establish the soil surfaces of the sandy hill tops west of the 
Slave River as considerably older than those of their immediate sur- 
roundings, and they must have been available for plant cover long 
before these lower levels. The topographic history of the hill tops 
noted by Moss in central Alberta has not been studied. With these 
topographic changes there must have occurred a climate gradually 
shifting from one similar to that of the present arctic tundra to what 
we have now. So far as we know there has been no change other than 
one of amelioration.* 

The thick spruce woods, then, are on somewhat younger soils of the 
uplands, and on the still younger silts of the flood plains formed in the 
last of the lake bottoms. The open spruce woods west of the Slave 
River are on the oldest hill tops. The Great Slave Lake woods, how- 
ever, as well as those of Sand Point, though closely related to the ones 


1TyrRELL, J. B., assisted by Dowling, D. B. Report on the country between Atha- 
baska Lake and Churchill River with notes on two routes traveled between the 
Churchill and Saskatchewan Rivers. (Canad. Geol. Surv. Ann. Rept. vim. 12. 1896.) 
2Cameron, A. E. Post-Glacial Lakes in the Mackenzie River Basin, Northwest 
Territories, Canada. (Jour. of Geol. xxx. 337-53. 1922.) 

Raup, H. M. The distribution and affinities of the vegetation of the Athabaska— 
Great Slave Lake Region. (Rhodora, xxxu. 187-208. 1930.) 

3TyrRELL, J. B. Changes of climate in north-western Canada since the glacial 
period. Die Verdnderungen des Klimas seit dem Maximum der Letzten Eiszeit. 
(11th Internat. Geol. Congress, Stockholm (1910), p. 389-91.) 

Raup, H. M. Botanical investigations in the Wood Buffalo Park. In prep. 
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on the old hills west of the Slave River, are on very recently formed 
lake shore sand plains and beach ridges. ‘This indicates that the 
lengths of time since their probable origins will not of itself accourit 
for their nature or distribution since they occupy some of the oldest 
and youngest surfaces 

Elevation above the general land surface, with consequent local 
modification of climatic and edaphic factors may have something to do 
with the occurrence of this forest on the high ridges west of the Slave 
River and in central Alberta. But mere elevation appears ineffective 
since the type also grows very near the level of Lake Athabaska at Sand 
Point, and on Great Slave Lake. In the latter region the climate in 
general, as far as it is indicated by the vegetation, is more arctic in 
character than near the western end of Lake Athabaska, so that we 
might expect some sort of change in the forests. As noted above, this 
change is shown by the elimination of the Jack Pine to the north- 
eastward. 

The park-like spruce woods at Sand Point and west of the Slave 
River, although differing widely in the age and elevation of their soils, 
have this in common—that they are in places which are exposed to 
cold storm winds, mostly from the north and east, and that their soils 
are dry and sandy. It is probable that woods of this type in central 
Alberta may be described in the same way. Similar soils not so 
exposed have jack pine or mossy spruce woods, but the question of 
what any other type of soil would produce in such exposed places needs 
further study. The only evidence we have in this connection is on 
isolated granite hills in the Athabaska-Peace delta where small patches 
of clayey soils.of early lacustrine origin have natural prairie on them. 
Undoubtedly a study of the various habitats in the so-called “Barren 
Lands” or “Arctic Prairies” would throw some light on the matter. 
__H. E. Pulling, basing his conclusions upon field investigations of 
roots in north-central Manitoba, suggests that an important factor 
determining the northern limits of various trees is the relation between 
the root habits and the permanently frozen condition of the subarctic 
soils.1 He classes the Black Spruce, Tamarac, and White Birch as 
having a rigid shallow root habit, White Spruce as having a flexible 
shallow root habit, Black Poplar a deep flexible habit, and Jack Pine a 
deep rigid one. Northward, of course, soils are increasingly shallow 
due to the frozen subsoil. In general the distribution of trees in the 


1Puttine, H. E. Root habit and plant distribution in the Far North. (Plant 
World, xxt. 223-33. 1918.) 
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central part of the Mackenzie basin may be correlated with these find- 
ings. White Spruce, with a shallow flexible root habit, is most success- 
ful in coping with subarctic conditions, and extends far out on the 
Barren Lands in favored places. Other shallow rooted species, but 
having a rather inflexible system—Birch, Tamarac, and Black Spruce— 
have a wide range in the Mackenzie basin but are nowhere so tolerant, 
with the possible exception of the Birch, as the White Spruce. Black 
Poplar and Jack Pine, with deep root systems, have somewhat similar 
ranges. The former, like the Pine, has its northeastern limit near the 
eastern end of Great Slave Lake. Another species, White Pine, also 
listed by Pulling as having a deep rigid root habit is entirely absent 
from the region so far as is known. 

On the other hand, if this relationship is everywhere of first im- 
portance, we should expect to find, for instance, that the sandy soils 
on Sand Point, on the high moraines west of the Slave River, and on 
some of the hills in central Alberta, differ from those very near them 
in being frozen nearer the surface. Although no investigations have 
been made in these places, it does not seem probable that they would 
show the sharp differences. Great variations in elevation such as occur 
between the Slave River and the Caribou Mountains are known to be 
accompanied by frost differences in the soils, but these are not to be 
expected, for example, on a low sandy lake shore like Sand Point. Soil 
frost, therefore, although it is probably of first importance in the gen- 
eral distribution of the species in question, may not account for all the 
facts relating to the occurrence of the isolated stands of open Spruce; 
and we must conclude that exposure to storm winds may be a prime 
factor. 

The southern occurrences of northern park-like Spruce may be looked 
upon as remnants of an earlier forest which occupied the sandy soils 
throughout the region when a slightly more arctic climate, similar to 
that now prevailing about the eastern part of Great Slave Lake, was 
general farther south. There are vast areas of sandy uplands, now 
covered with jack pine timber, whose soils show no evidence of the 
humus accumulations which would have arisen from an earlier, heavier 
timber with a moss mat. These areas must have had an open spruce 
timber with a thin lichen mat during a somewhat more arctic climate, 
since the Jack Pine, as indicated by its present range, would then have 
had its northern limit farther south. These facts suggest that the Jack 
Pine is the most recent arrival among forest trees in this part of the 
Mackenzie basin, and that it has replaced the Spruce except in situa- 
tions excessively exposed. 
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‘The mossy spruce woods on the uplands west of the Slave River 
appear to be developing from jack pine stands by stages which are 
readily seen. Young groves of the latter are of close-growing, rather 
spindling trees, but later they thin out and produce much larger crowns 
with arching branches. During this stage young and vigorous Spruces 
come up in the shade of the Pines, accompanied by the beginnings of 
the moss mat. Later stages show a predominating spruce stand in 
which there are very old, scattered, and dying Pines festooned with 
lichens, and with small bunches of green needles at the tips of their 
long branches. 

How the Pines invaded the country in the first place, crowding out 
a park-like spruce forest as suggested above, is uncertain. Study of 
the country between Athabaska and Great Slave Lakes would undoubt- 
edly reveal a series of intermediate stages which would indicate the 
transition. It is probable that Pines would invade the open spruce 
forest in small numbers at first, not enough to make much shade, but 
sufficient to crowd out the older Spruces and prevent the growth of 
younger ones. As the climate ameliorated we may suppose that the 
Pines became more abundant, with such changes in soil and general 
conditions that Spruces could again invade and form the mossy woods 
so common now on the more southern uplands. Among the areas thus 
far studied by the writer those of Lake Athabaska come nearest to 
illustrating these intermediate stages. As one passes along Sand Point 
toward the base, the change from open spruce to very open jack pine 
woods in which many of the trees are old is a gradual one. Still farther 
inland the Pines are in a closer stand. 

The Lake Athabaska pine woods, being farther to the northeastward, 
nearer the limit of range, and occurring on or near the windswept mar- 
gins of the lake, are growing under more difficult conditions than those 
~ west of the Slave River, and could therefore be considered, as a whole, 
nearer to an original condition. This is borne out by the above- 
mentioned gradual transition from old spruce to old pine woods on 
Sand Point, and by the fact that so far no place has been found where 
the sand plain pine woods are developing into mossy spruce woods as 
they are on the uplands. Whether this is due to-youth or exposure, or 
both, is uncertain. They are surely growing upon much younger land 
surfaces. Furthermore, being near the northeastern limit of its range, 
the Pine is undoubtedly more selective in its choice of habitats than 
farther south, and more circumscribed in its ability to invade other 
associations. 
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Burning probably aids the spread of pine woods by opening other 
timber associations, but the normal course. of development on the up- 
lands to spruce woods seems to be only retarded by this means. 
Whether the same agency furthered the replacement of park-like spruce 
woods by the Pine is uncertain. If it were a very important factor we 
should expect that the sandy hill top Spruce of the uplands would long 
ago have been removed. But since it has not we must look for other 
causes for the present relationships. 


SUMMARY 


In the distribution of the existing pine and spruce forests of the 
central part of the Mackenzie basin there is evidence that the earliest 
post-Glacial timber was one of White Spruce arranged in an open asso- 
ciation on sandy soils. The ground cover in this timber was probably a 
thin mat of lichens and heaths; and the whole persists to the present 
time as a well-developed type near the arctic timber line. With the 
amelioration of the climate after the recession of the glacier, other less 
tolerant species could migrate into the country, among them the Jack 
Pine. The Pine could successfully compete with the Spruce on the 
wide-spread sterile sandy soils, and soon formed an open association 
resembling in aspect that of the Spruce. It is probably typified now 
by the sand plain pine woods of the Athabaska Lake district. 

An increasing growing season, more available moisture, and more 
rapid decay then permitted the accumulation of organic materials in 
the soils at a faster rate than had been possible before. This inaugu- 
rated a forest succession on the higher and relatively older land sur- 
faces southwest of Great Slave Lake. The richest woods growing in 
the region now are of White Spruce with a moss mat and light under- 
growth; and they appear to develop directly from mature jack pine 
woods, although in many places burning and the invasion of Trembling 
Aspen and Black Poplar have prolonged the process. As noted else- 
where by the writer,’ there is floristic as we]l as topographic evidence 
of the relative immaturity of even these richer spruce forests. Many 
species of wide range across the continent in the coniferous forests are 
absent or very rare in the Athabaska-Great Slave Lake region, and 
suggest that the latter have not had sufficient time under the existing 
subarctic conditions to develop further. 

The most recently formed spruce woods are on local flood plain 


4Raup, H. M. See p. 339, foot-note 2. 
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deposits along the present streams. They resemble the upland mossy 
Spruce but have a thinner ground cover and relatively heavier under- 
growth. 

In a few local areas far to the south and southwest of the present 
park-like spruce forest there are woods which appear to be relics of 
the former wide distribution of this type. They are on both old and 
very young land surfaces, at both high and low elevations, but are all 
in places unusually exposed to storm winds. It is supposed that the 
Jack Pine has not been able to invade the original Spruce in these 
exposed situations. 


EXPLANATION OF THE PLATES 


Plate 72. Lerr: Lowland spruce forest along Peace River near Peace 
Point. Note ground cover of Equisetum pratense. 
Ricut: Upland spruce woods about 40 miles west of the 
upper Slave River, near Pine’ Lake.t 


Plate 73. Upper: Open spruce woods on sand plain at the eastern end 
of Great Slave Lake (Ft. Reliance). 
Lower: Open woods of Pinus Banksiana, Picea mariana, and 
Betula neoalaskana near Shelter Point, Lake Athabaska. 


HERBARIUM, ARNOLD ARBORETUM, 
Harvarp UNIVERSITY. 


1The writer is indebted to the National Museum of Canada for use of the two 
photographs in this plate. 
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NEW SPECIES, VARIETIES AND COMBINATIONS FROM 
THE HERBARIUM AND THE COLLECTIONS OF 
THE ARNOLD ARBORETUM? 


ALFRED REHDER 
With plate 74 


Tlex ficoidea Hemsl. in Jour. Linn. Soc. xxm1. 116 (1886). — 
Loesener in Nov. Act. Leop.-Carol. Akad. Naturf. txxvimt. 328 (Mon- 
og. Aquifol.) (1901). 

Symplocos tetramera Rehder in Sargent, Pl. Wilson. 11. 598 (1916. — 
Chung in Mem. Sci. Soc. China, 1. 211 (Cat. Trees Shrubs, China) 
(1924). — Synon. nov. ; 

Cuina. Kwangtung: Hongkong, C. Ford (? isotype of 
I. ficoidea) ; same locality, without collector, Feb. 1892; Lantao, Herb. 
Hongk. no. 8251; Loh fan shan, C. O. Levine, nos. 606 and 1567, Oct. 
27-30, 1916 and Aug. 15, 1917; Lung tou shan, S. P. Ko, no. 50283, 
Apr. 2, 1930. Fukien: in woods and open thickets, R. C. Ching, 
nos. 2227 and 2231, Aug. 3, 1924. Chekiang: 50 li north of 
Sia-chu, R. C. Ching, no. 1646, May 24, 1924; 130 li of Wen-chou, 
R. C. Ching, nos. 1848 and 1862, June 17, 1924; -80 li northeast of Tai- 
suan, R. C. Ching, no. 2206, July 22, 1924; Hang chow, T. Tang & 
W. Y. Hsia, no. 365, July 18, 1927; Tai-pai-shan, Y. L. Keng, no. 1145, 
Aug. 24, 1927. Anhwei:. Wu Yuan, K. Ling, no. 7858, Aug. 24, 
1924. Hunan: in monte Yun-schan prope urbem Wukang, Wang- 
Te-Hui, Handel-Mazzetti, no. 12810, Apr. 1919; prope urbem Tchang- 
scha, Handel-Mazzetti, no. 11609, Apr. 13, 1918. Yunnan: 
Puerh, A. Henry, no. 13273 (holotype of Symplocos tetramera); be- 
tween Muang hing and Szemao, J. F. Rock, no. 2740, March 2-12, 
1922. : az 

Ilex ficoidea resembles in its general aspect and particularly in its 
leaves and in the axillary clusters of its flowers so closely certain species 
of Symplocos, as S. anomala Brand, S. congesta Benth. and S. crassi- 
folia Brand, that also other botanists besides myself had placed in the 
herbarium specimens of this J/ex under the genus Symplocos. When 


1Continued from p. 222. 
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describing Henry’s no. 13273 as Symplocos tetramera I explained the 
different shape of the pistil by the assumption that the ovary was rudi- 
mentary and the unusual reduction of the number of stamens by refer- 
ence to some South American species of Symplocos with only four 
stamens. 

Ilex ficoidea has not yet nee recorded from western China and in 
central China only from Changsha, Hunan (Handel- Mazzetti, no. 
11609) and from Wukang, Hunan (Handel-Mazzetti, no. 12810, as var. 
brachyphylla Hand.-Mazz.). Henry’s no. 13273 differs somewhat 
from typical J. ficoidea in the shorter and stouter petiole, about 5 mm. 
long, and in the shorter acumen of the leaves. Rock’s no. 2740 which 
also has been distributed as Symplocos tetramera, is similar but the 
leaves are comparatively narrower and generally oblong and of thinner 
texture. 


Acer sikkimense Mig. var. serrulatum Pax in Bot. Jahrb. vit. 215 
(1886); in Engler, Pflanzenr. rv-163, p. 34 (1902). — Rehder in Sar- 
gent, Trees & Shrubs, 1. 180 (1905). — Fang in Contrib. Biol. Lab. Sci. 
Soc. China, vir. 178 (1932). 

Cumna. Yunnan: Feng-cheng-lin Mt., "forests, south of Red 
River, alt. 7000 ft., A. Henry, no. 10640 (tree 10 ft.); west of Talifu, 
Mekong watershed, en route to Youngchang and Tengyueh, J. F. Rock, 
no. 6834, Sept.-Oct. 1922; Shweli river drainage basin, environs of 
Tengyueh, J. F. Rock, no. 8014, Feb. 1923; without precise locality, 
G. Forrest, nos. 9759 and 26233. 

Himataya: Bengal, Griffith, no. 936 (holotype; not seen). 

Acer sikkimense agrees with A. Davidi in having oblong-ovate leaves 
without lobes, but differs in their caudate-acuminate apex, subcordate 
base, glabrous under side, entire or nearly entire margin and in the 

‘shorter pedicels and longer racemes. In the variety the leaves are 
closely and sharply serrulate. 

In my account of the Maples of the sect. Macrantha (pp. 211-222) 
I unfortunately overlooked this Chinese variety of an Himalayan spe- 
cies. In the key it should precede A. Davidi from which it is easily 
distinguished by the closely and finely serrulate margin of the leaves 
and their glabrous under side which in A. Davidii is more or less rufous- 
tomentose along the veins at least when young. 


Acer Davidi Franchet in Nouv. Arch. Mus. Paris, ser. 2, vit. 212 
(Pl. David. m. 30) (1884). — Fang in Contrib. Biol. Lab. Sci. Soc. 
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China, vu. 177 (1932). — Rehder in Jour. Armold Arb. x1v. 213 
(1933). — Add the following synonym: 
Acer laxiflorum Pax var. B ningpoense Pax in Engler, Pflanzenr. 
1v.-163, p. 36 (1902). — Rehder in Sargent, Trees & Shrubs, 1. 
180 (1905). 

Cuina. Chekiang: Ningpo-Berge, E. Faber, in 1886 (holo- 
type in Herb. Berol.; photo. and fragments in A. A.). 

In my account of the Chinese Maples of the Macrantha section in 
the last number of this Journal I had omitted A. laxiflorum var. ning- 
poense, because I had not seen the type and doubted very much the 
possibility that a variety of the western A. Jaxiflorum should occur near 
Ningpo. I have now received through the kindness of Professor R. 
Pilger of the Botanical Museum at Berlin-Dahlem an excellent photo- 
graph and fragments of the type specimen which proves that the speci- 
men does not belong to A. laxiflorum but is a slight variation of A. 
Davidi with indistinctly lobulate leaves and horizontal wings of the 
fruit. It differs from A. laxiflorum in the ovate-oblong leaves not 3—5- 
nerved at the base and abruptly narrowed into a remotely serrulate 
acumen entire toward the tip, in the irregular crenate-dentate serra- 
tion, and the practically glabrous under side, while in typical A. Jaxi- 
florum the leaves are sharply serrulate with acuminulate teeth, dis- 
tinctly 3-lobed and 3—5-nerved at the very base, with an elongated 
triangular-ovate middle lobe gradually narrowed in a closely and 
sharply serrulate caudate acumen, and are even at maturity more or 
less rusty pubescent on the veins. From slightly lobed forms of A. 
Grosseri Pax Faber’s Ningpo specimen differs chiefly in the oblong or 
oblong-ovate shape of the leaf, its crenate-dentate serration and the 
not clearly 3-nerved base. 


Rhamnus crenata S. & Z. var. discolor, var. nov. 

A typo recedit foliis subtus albido-tomentosis, nervis utrinsecus 
Sir Frutex; folia elliptica vel obovato-oblonga ad oblongo- 
oblanceolata, subito acuminata, basi late vel sensim cuneata, circiter 
8 X 4 to 10 X 3. ea 

Cutna. Chekiang: open thickets, alt. 4400 ft., R. C. Ching, 
no. 2536 (type), Aug. 31, 1924 (shrub 15 ft.); southern Chekiang, 
open thickets, alt. 4200 ft., R. C. Ching, no. 2461, Aug. 24, 1924 (shrub 
8 ft.). 

On account of the whitish tomentose under side of the leaves this 
variety looks quite different from the type, but I can find no other 
characters to separate it from R. crenata which shows considerable 
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variation in the shape and also in the pubescence of its leaves, except 
that the leaves have about 8—12 pairs of lateral veins while in typical 
R. crenata they have only 5—9 pairs. 

The two specimens cited above differ considerably in the shape of 
the leaves: no. 2536 has generally elliptic leaves about 8 cm. long and 
4 cm. broad, broad cuneate at base, while no. 2461 has narrow-oblong 
to oblong-oblanceolate leaves 8—10 cm. long and 2.5—3 cm. broad, 
cuneate at base, but one leaf is oblong-obovate 9 cm. long and 4.5 cm. 
broad. 


Rhamnus utilis Dcne. var. hypochrysa (Schneid.), var. nov. 

Rhamnus crenatus E. Pritzel in Bot. Jahrb. xx1x. 460 (1900), pro 
parte. — Non Sieb. & Zucc. 

Rhamnus hypochrysus C. K. Schneider in Notizbl. Bot. Gart. Mus. 
Berlin, v. 76 (1908) ; Ill. Laubholzk. 11. 290, fig. 198 p-q, 199 o-p 
(1909) ; in Sargent, Pl. Wilson. 11. 252 (1914). 

Cuina. Szechuan: Nanchuan, A. von Rosthorn, no. 1585 
(syntype of R. kypochrysus in Herb. Berlin); Nanchuan Hsien, W. P. 
Fang, no. 1415, June 6, 1926. Shensi: Lin-hua-zao near Kin-lin- 
san, G. Giraldi, nos. 931, 932; Fu-kio, G. Giraldi, no. 940 (syntypes of 
R. hypochrysus in Herb. Berlin). Northern Honan: Yung- 
ning, Tsi-li-ping, alt. 1000 m., J. Hers, no. 1368, Sept. 30, 1919; Yung- 
ning, Yo-tze-ping, alt. 900 m., J. Hers, no. 820, Oct. 4, 1919. Hapei: 
Tang-san, F. N. Meyer (seeds only); plants raised from these seeds 
distributed as U. S. Dept. Agr. no. 17909 in Arnold Arb. coll. 1909 and 
1914 (in part). Fukien: Enghok Hsien, H. H. Chung, no. 1342, 
April 14, 1923; Diongloh, Ne-lan-san, Herb. Fukien Christ. Coll. no. 
11729, Aug. 6, ‘1926. 

This variety differs from typical R. utilis chiefly in the pubescent 
branchlets and pubescent leaves. In the type specimens of R. hypo- 
_ chrysus and in Fang’s no. 1415 the pubescence is rather dense and dis- 
tinctly yellow, while in the specimens from Honan the pubescence is 
somewhat slighter and not or scarcely yellow. In the Fukien speci- 
mens which have rather small leaves, the yellowish pubescence is still 
slighter and the branchlets are only very sparingly pilose or nearly 
glabrous, so that these specimens closely connect typical R. utilis with 
the variety. From the seed collected by F. N. Meyer near Tang-san, 
which is apparently the same as Tang-shan between Tien-tsin and 
Yung-ping-fu, and distributed from the U. S. Department of Agricul- 
ture under no. 17909, both forms, the glabrous and the pubescent with 
distinctly villous branchlets, were raised. It, therefore, does not seem 
possible to maintain R. kypochrysa as a distinct species. 
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Though Decaisne describes his species as with “foliis . . . subtus 
puberulis,” almost all the numerous specimens in this herbarium except 
those cited above, have the leaves nearly or quite glabrous. A speci- 
men, however, collected by C. Schneider in 1903 in the nursery of 
Simon-Louis at Plantiéres near Metz from a plant marked “R. utilis, 
original from Decaisne” has the leaves loosely and yellowish pubescent 
on the under side and when young also slightly so above, but the 
branchlets are glabrous; this agrees exactly with Decaisne’s de- 
scription. 

It, therefore, appears that the type of R. utilis is the form with only 
slightly pubescent leaves but glabrous branchlets, and that the form 
with the leaves quite glabrous or slightly pubescent only on the veins 
beneath, may be considered a distinct form and distinguished as 
R. utilis f. glabra, forma nova, of which E. H. Wilson, no. 622, 
from Fang Hsien, Hupeh, may be designated as the type. 


Ampelopsis Delavayana Planchon’ in De Candolle Monog. Phaner. 
v. 458 (1887). 

Amelopsis aconitifolia Bge. y tomentella Diels & Gilg in Bot. Jahrb. 
xxix. 465 (1900). — Synon. nov. 

Cuina. Szechuan: Nan-chuan, Bock & von Rosthorn, no. 
1540 (holotype of A. aconitifolia var. tomentella; photo. in A. A.; 
flowering branch). 

Ampelopsis aconitifolia {. tomentella the type of which I have seen 
in the herbarium of the Botanic Museum at Oslo, though superficially 
quite similar to A. aconitifolia f. setulosa Diels & Gilg, agrees with A. 
Delavayana Planch. in the occasional presence of undivided only 
slightly lobed leaves, the shallow serration of the leaflets and the 
rather short peduncles about as long as the cyme itself. Ampelopsis 
aconitifolia Bge. never has undivided leaves, the leaflets are rather 
deeply serrate to pinnatifid and the loose and smaller cymes are borne 
on slender peduncles longer than the cyme. In fruit the two species 
differ considerably in the color of the berries; the pubescence varies in 
the two species and glabrous and pilose forms occur in both. 

The other forms described (1. c.) by Diels and Gilg: f. glabra, f. 
setulosa (pr. parte typ.) and f. cuneata belong without doubt to the 
variable A. aconitifolia. 

Wilson’s specimen no. 1070 (Veitch Exped.) placed in the Berlin 
Herbarium with Ampelopsis aconitifolia {. tomentella belongs to Vitis 
Piasezkii Maxim. To V. Piasezkii belongs also Henry, no. 6479, one of 
the syntypes of Ampelopsis aconitifolia f. setulosa. 
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Agapetes stenantha, spec. nov. Plate 74 

Frutex vel arbor parva, glabra, ramis cinereo-fuscis lenticellatis. 
Folia coriacea, lanceolata, 6.5—9 cm. longa et 2—2.4 cm. lata, longe 
acuminata, basi in petiolum brevissimum 1—2 mm. longum attenuata, 
integra, supra laete viridia, subtus pallidiora, costa media utrinque 
elevata, nervis utrinsecus 6-7 supra fere obsoletis subtus in sicco lev- 
issime elevatis. Racemi axillares e gemmis nudis in ramulis biennibus 
vel vetustioribus, 5—8 cm. longi, multiflori (floribus circiter 18—25) ; 
Flores rubescentes, graciliter pedicellati pedicellis 5—8 mm. longis, 
bractea lanceolata circ. 2 mm. longa rubescente membranacea decidua 
suffultis, basi bracteolis 2 bracteae similibus sed saepius paullo minori- 
bus munitis, apice articulatis; dentes calycinis triangulari-lanceolati, 
circ. 3 mm. longi, dorso costati costis in tubum ovarii fere aequilongum 
decurrentibus; corolla anguste cylindrica apicem versus leviter angus- 
tata, circ. 2 cm. longa et medio 3 mm. lata, subalato-costata, lobis 
linearibus 1 mm. latis apice obtusiusculo mucrone reflexo munitis, 
valde inaequalibus, sinu altissimo circiter mediam corollam attingente; 
stamina stylo paullo breviora supérne in tubum stylum arcte cingentem 
cohaerentia, antheris pilosulis 5 mm. longis apice in tubum gracilem 
circ. 1 cm. longum attenuatis, basi in calcar pilosulum, 1.5 mm. longum 
filamentum glabrum fere aequans productis; stylus glaber, corollam 
aequans, apice clavatus; ovarium 2-2.5 cm. longum, glabrum. 

Burma: between Sadon and the Yunnan Chinese border at Changti- 
fang and Kambaiti, alt. 7600 ft., J. F. Rock, no. 7514, Nov. 1922 
(shrub or small tree, flowers bright reddish, very ornamental). 

This distinct new species is characterized by the very narrow tubu- 
lar flowers about 2 cm. long and only 3 mm. wide, borne in many- 
flowered elongated racemes and by the lanceolate long-acuminate leaves 
attenuate at base and 6.5—9 cm. long. It differs in the elongated 
’ many-flowered racemes from all Asiatic species except A. vaccinioides 
Dunn which is easily distinguished by the short campanulate corolla 
and the larger leaves rounded or subcordate at base, and except A. 
corallina Cowan which differs in the lanceolate corolla-lobes and appar- 
ently glabrous anthers without spur. 


(To be continued) 


HERBARIUM, ARNOLD ARBORETUM, 
HARVARD UNIVERSITY. 


Jour. Arnotp Ars. VoL. XIV. PLATE 74 


PLANTS OF DURMA eAy 
BpapreKes AV ecm Oh Fatd, ir 
APS re 
; Mrub 0 hm. Fe -saealeah eft.) 


nN ea 


Meoeree wait wat te Samat Pentre os | emestos 
eet Water the Feoelt 
oF se wit 


A Fane, ’ Veernre 


AGAPETES STENANTHA Rehd. 


ie year? he . 
WK dees 


1933] COUSINS, COMPARATIVE ANATOMY OF BETULA 351 


THE COMPARATIVE ANATOMY OF THE STEMS OF BETULA 
PUMILA, BETULA LENTA, AND THE HYBRID 
BETULA JACKII 


SaraHw M. Cousins 


PROFESSOR JACK(1), in 1895, described a hybrid Betula, afterwards 
named B. Jackii by C. Schneider, six individuals of which appeared in 
a group of several hundred seedlings grown at the Arnold Arboretum. 
The seed from which the plants were grown was collected from a plant 
of B. pumila, the Dwarf Birch, growing about one hundred paces east 
of several trees of B. lenta, which was the only other species growing 
in the vicinity, whose pollen would be carried to it by the winds. Jack 
described the characters of the hybrids and showed that of the six 
plants four were morphologically intermediate in all ways between B. 
pumila and B. lenta and had the aromatic smell characteristic of B. 
lenta, though to a lesser degree. The other two plants were more 
like B. pumila than B. lenta, and had little or no aromatic odor. 

In 1929 Professor Woodworth(2) described his cytological investi- 
gation on the reduction divisions of B. pumila, B. lenta and B. Jacki 
in material collected at the Arnold Arboretum, the results of which 
substantiate Professor Jack’s conclusion that B. Jackii is a hybrid be- 
tween B. pumila and B. lenta. Professor Woodworth said that “Meiosis 
and pollen formation are typically normal in both the parents,” but 
that B. Jackii displays to a marked degree the meiotic irregularities 
characteristic of hybrids—abnormality of gemini formation, lagging of 
chromosomes, extrusion of chromosomes into cytoplasm, polyspory, and 
partial sterility of pollen; he concluded that B. Jackii is a hybrid be- 
tween the diploid B. /enta and the tetraploid B. pumila. 

In view of these investigations it seemed worth while to study the 
stem anatomy of the three species. 


MATERIAL AND METHODS 


Material was collected in 1928 from labeled plants at the Arnold 
Arboretum, killed in Carnoy’s, imbedded, sectioned, stained with Hei- 
denhain’s iron hematoxylin and safranin, and studied. To check the 
results obtained, material was again collected in 1933 at the Arbore- 
tum, but from individual plants other than those from which the first 
collections were made, sectioned and stained without imbedding, and 
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studied. The ages, according to annual ring count, of the oldest speci- 
mens studied for each species are: 
B. pumila 24 years 
B. lenta 18 years 
B. Jacki 14 years 
The plants of B. Jackii were morphologically intermediate between 
the parents. 


COMPARATIVE ANATOMY 


All three Birches have a typical woody siphonostele. The differ- 
ences in anatomy which seem significant are as follows: 


PHLOEM SCLERENCHYMA 


In all three Birches, groups of phloém cells become sclerenchyma- 
tized, but the locations of the sclerenchymatous tissues in them differ 
as follows: 

B. pumila: phloém cells that are to become sclerenchyma enlarge 
and their walls thicken soon after they are formed, consequently the 
sclerenchymatous bands almost touch the cambium, and depress it. 
This depression of the cambium under the sclerenchyma masses results 
in wavy or scalloped annual rings, a characteristic feature after the 
first year or two of growth. The sclerenchyma masses show a tendency 
to be continuous radially, that is, to appear as radial bands in trans- 
verse section. 

B. lenta: walls of phloém cells that are to become sclerenchyma do 
not thicken until several years after the cells have formed; conse- 
quently there is no sclerenchyma near the cambium, the cambium is not 
pressed inward, and the annual rings are not scalloped. The scleren- 
- chyma masses do not show any tendency to be continuous radially (but 
sometimes a slight tendency to be continuous tangentially); they 
appear in transverse section as small, more or less isodiametric’ areas. 

B. Jackii: as in B. lenta, walls of phloém cells that are to become 
sclerenchyma do not thicken until several years after the cells have 
formed, so there is no sclerenchyma near the cambium, and no depres- 
sion of the cambium or scalloping of the annual rings. The scleren- 
chyma masses appear in transverse section as small, more or less iso- 
diametric areas; but they differ perhaps from those of B. Jenta in that 
they seem sometimes to be nearer the cambium, and show practically no 
tendency to merge tangentially. 
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“AGGREGATE RAY” AREAS 


B. pumila: the wood formed by the depressed cambium, under the 
sclerenchyma masses, has an aggregate ray-like appearance in that it 
lacks vessels and is composed wholly of rays and fibers; the fibers, 
especially in older wood, differ from the usual fibers near vessels in the 
following respects: they are greater in diameter, they are one-fourth to 
one-third the length of the usual fiber, their ends are oblique or bluntly 
tapering instead of long and tapering, and they tend to twist and inter- 
twine instead of being comparatively straight up and down. These 
areas are usually apparent in transverse section in the second or third 
annual ring, and broaden as they extend out to the cambium. 

B. lenta and B. Jackii: no such “aggregate ray” area was apparent 
in any of the specimens of the pollen parent or the hybrid that were 
examined. 


VESSELS 


The differences between the vessels of the three Birches are small; 
perhaps if a larger group of specimens was studied they would be 
found not valid, but in the specimens studied these generalizations 
seem to hold: 

B. pumila: vessels are more or less in radial rows, rather angular, 
small, and somewhat more concentrated in the spring wood. 

B. lenta: except in the first ring, where the vessels resemble those 
of B. pumila in size and distribution, the vessels are in rounded groups 
of one to about four, or less frequently in radial rows; the groups are 
scattered evenly throughout the annual ring; the vessels themselves 
are large and rounded. In radial sections the wood of B. lenta can be 
distinguished from that of the other two types by the fact that the ends 
of the larger vessels have the bars of the scalariform perforation fewer 
and further apart than do those of either of the other two forms; the 
bars are about 12 microns apart in B. Jenta, and 3.8 to 6 microns in B. 
pumila and the hybrid. 

B. Jackii: vessels are in rounded groups or radial rows and are per- 
haps slightly more concentrated in the spring wood. The general 
appearance of the transverse section is more like that of B. lenta but 
differs from it in that the groups of vessels seem fewer and further apart 
and the vessels themselves perhaps smaller. 


Rays 


All three Birches have simple rays and small compound rays; the 
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width in cells of the largest of the compound rays seems to be a specific 
character, The walls of the cells seem to vary in thickness and regu- 
larity in the same way in which the walls of the pith cells vary (see 
below), but to a lesser degree. 

B. pumila: the rays are mostly simple, one cell wide, some are com- 
pound, two cells wide, and in the “aggregate ray” area some individual 
rays appear in tangential section to be three cells wide, although this 
appearance may be due to twisting of cells in the area. In general, 
however, the rays are not more than two cells wide even in the twenty- 
fourth annual ring. The walls of the ray cells are more or less irregu- 
lar, but much less definitely and constantly so than the walls of the 
pith cells. 

B. lenta: rays are from one to three cells wide even in the earlier 
rings (about the second to sixth); in older wood (about the fifteenth 
ring), they may be four cells wide. The walls of the ray cells are 
thickened fairly evenly, but not as evenly as those of the pith cells. 

B. Jackii: rays are one, two, and occasionally three cells wide in the 
earlier rings, often three cells wide in the later ones (about the twelfth). 
In tangential section B. Jackii resembles B. lenta more than B. pumila. 
The cell walls are thickened somewhat irregularly; but in all three 
kinds the characters of the ray cell walls are too similar and inconstant 
to be of value in distinguishing the species. 


Pith 


The pith cells of the two parent species present quite distinct and 
different characters, and those of the hybrid seem intermediate between 
them. The distinguishing wall characters are seen best in transverse 
section. 

B. pumila: the secondary thickening of the wall is irregular, so that 
- the wall extends into the cell lumen as blunt projections between which 
are canals of varying diameter ending in simple pits. The thickness 
of the wall, from the lamella to the inner points of the projections, is 
usually 7 to 10 microns, about four times that of the wall of the pith 
cells of B. lenta. In longitudinal section the cells are usually twice as 
long as wide, or longer. 

B. lenta: the pith cell wall is thickened evenly so that its inner sur- 
face is parallel throughout with its outer one; it is 2 to 3 microns thick 
and is pierced by pits of constant diameter. The cells are usually less 
than twice as long as wide (often they are isodiametric), although ex- 
ceptions occur, especially near the outside edges of the pith. 
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B. Jacki: the pith cell wall is slightly irregular and about 2 to 5 
microns thick; the diameter of its pits vary somewhat. The cells range 
from isodiametric to more than twice as long as wide. In general the 
pith cells of the hybrid seem to be intermediate between those of the 
two parents. 


SUMMARY 


Betula pumila and Betula lenta have several distinct anatomical 
characteristics; in some of them the hybrid, Betwla Jackii, seems more 
or less intermediate—size and distribution of vessels, width in cells of 
compound rays, proportions and wall characteristics of pith-cells. 

In other respects the hybrid resembles B. lenta, its pollen parent, 
since they both lack completely in the specimens studied the “aggre- 
gate ray” areas, the scalloped cambium and annual rings, and the early- 
forming phloém sclerenchyma that characterize B. pumila. 

In the character of the perforations of the vessel ends the hybrid is 
unlike B. lenta, and closely resembles B. pumila. 

The writer wishes to acknowledge the kindly suggestions and assis- 
tance of Professor R. H. Woodworth, under. whose direction this work 
was done. 
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CHROMOSOME NUMBER AND MORPHOLOGY 
IN THE CONIFERS 


Kart SAX AND Hatiy JoLivetTe Sax 
With plates 75-79 and three text figures 


THE EXISTING CONIFERS are undoubtedly members of a very old 
group of plants. Although they constitute the predominant flora of 
the temperate zone, the number of genera is less than fifty, and many 
of these are of restricted distribution, and some are monotypic. As 
a whole, the genera are well differentiated on the basis of floral, 
anatomical, and gametophytic characters. Species characters are 
usually well marked and are frequently associated with geographic dis- 
tribution. The stability of the Conifers would seem to indicate that 
evolution in this group of plants has passed its climax and that the 
existing forms are survivors of long natural selection. 

A study of chromosome morphology in the Conifers should be of 
interest in relation to the distinct and long established differentiation 
of different genera. Previous cytological work shows that the basic 
chromosome number is usually 12 in the Conifers, and: in all other 
Gymnosperms, with the exception of the Gnetales. Many of these 
counts were made incidental to morphological studies. A critical study 
of chromosome morphology has been made in only a few: species. 

The taxonomic grouping ‘of the Conifers followed in this paper is 
based_on Rehder’s (1927) Manual. The Conifers are taken to include 
the Taxaceae and the Pinaceae. The Pinaceae are divided into four 
sub-families, the Cupressineae, Taxodineae, Araucarineae, and Abie- 
tineae. Representatives of all groups have been examined, with the 
exception of the Araucarineae. The analysis of the somatic chromo- 
somes was done by the senior author, and the meiotic chromosomes 
were studied by the junior author. 


MORPHOLOGY OF SOMATIC CHROMOSOMES 


Preparations of root tips of Conifers are not suitable for a study of 
somatic chromosomes. The chromosomes are long, and the arms are 
usually oriented more or less at right angles to the metaphase plate so 
that polar views of division figures offer little opportunity for a com- 
parison of individual chromosomes, and the numbers are too large to 
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permit an adequate study from side views of division figures. The 
somatic chromosomes are best observed in the early development of the 
endosperm. The chromosomes in this tissue are haploid in number, 
divisions are numerous, and the chromosomes can be studied from 
either polar or;side views when flattened in aceto-carmine smears. 

The entire endosperms were dissected out of the female cones and 
fixed in absolute alcohol-acetic acid, 70 parts of alcohol to 30 parts 
acetic. Aceto-carmine smears were made after the material had been 
fixed for several hours or longer. In some cases the endosperms were 
changed to 80 percent alcohol after fixing for 24 hours in the alcohol- 
acetic solution. Aceto-carmine smears can be obtained from such ma- 
terial at any time. 

The endosperms were smeared in aceto-carmine containing enough 
haematoxylin and iron alum to produce a sharp stain. After the slide 
had been covered, the preparation was heated, and the cover pressed 
firmly with filter paper to flatten the cells and remove excess aceto- 
carmine. When sealed, such preparations remain in good condition for 
several weeks. 

The various stages of mitosis in the endosperm of Cephalotaxus are 
shown in plate 75 in order to illustrate the types of figures obtained. 
The photographs are from preparations which had been flattened suffi- 
ciently to include all chromosomes of a given cell in approximately the 
same focus. During the prophase stage, a single large nucleolus is 
always found (Fig. 1). At metaphase the chromosomes are U-shaped, 
with the spindle fiber attachment points in approximately the same 
plane (Fig. 2). The chromosomes begin to separate at the fiber attach- 
ment point, and usually the opening at this region, or the protrusion 
of attachment points, can be observed at metaphase. The actual sepa- 
ration of daughter chromosomes proceeds rapidly, although occasional 
figures are found where the chromosomes are still associated at the 
distal ends (Fig. 3). At late anaphase the individual chromosomes are 
clearly defined, and the relative lengths of the arms are easily deter- 
mined (Fig. 4). In Cephalotaxus Fortuni 11 chromosomes are approxi- 
mately isobrachial and one is heterobrachial with a trabant at the end 
of the short arm. At telophase the chromosomes form a compact mass 
of chromatin (Fig. 5), and as the daughter nuclei are reorganized be- 
fore passing into the resting stage, the chromosomes appear to be 
polarized and to surround a single large nucleolus (Fig. 6). The 
chromosomes vary considerably in size, even in the same endosperm. 
They seem to be larger ,in the free nuclear divisions and become 
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smaller when cell walls are formed. Cephalotaxus seems to have 
larger chromosomes than the other Conifers studied, but little or no 
consistent difference is found in the size of chromosomes of other 
genera. 

The chromosomes of Ginkgo biloba were included in this study 
because this species is the only surviving member of the Ginkgoaceae. 
The haploid chromosome complement from endosperm tissue is repre- 
sented in figure 7 (Pl. 76). Two of the 12 chromosomes are approxi- 
mately isobrachial, while 10 of them have sub-terminal fiber attach- 
ment points. 

The only available genera for study in Taxaceae were Cephalotaxus 
and Taxus. Torreya is represented in the Arnold Arboretum, but 
female cones are seldom produced. Twelve chromosomes were found 
in each of the three species of Taxus examined, T. canadensis, T. bac- 
cata, and T. cuspidata (Pl. 76, figs. 8, 9, and 10). In each case one 
chromosome has a terminal or subterminal attachment point, one is 
distinctly heterobrachial, while the others are more or less isobrachial. 

In the Pinaceae, the sub-family Abietineae has been studied most 
extensively. The chromosomes of Pinus are especially clearly defined. 
Twelve chromosomes have been found in P. Banksiana, P. Bungeana, 
P. flexilis, P. Jeffreyi, P. mugo rotundata, P. nigra, P. parviflora, P. 
peuce, P. ponderosa, P. resinosa, P. Strobus, P. sylvestris, P. Thun- 
bergiana, and P. virginiana. The chromosomes of all species of Pinus 
seem to be very similar. One of the 12 chromosomes is somewhat 
heterobrachial, and the others have approximately median fiber attach- 
ments. The chromosomes of three species, P. parviflora, P. Thun- 
bergiana, and P. ponderosa, are illustrated (Pl. 76, figs. 11, 12 and 13). 

The chromosomes of Cedrus libanotica are morphologically much 
like those of Pinus (Pl. 76, fig. 14). One of the 12 chromosomes is 
- distinctly heterobrachial, and the others are approximately isobrachial. 

Two species of Larix have been examined for chromosome morphol- 
ogy. The chromosomes of L. Kaempferi are shown at late anaphase 
in figure 15 (Pl. 76), and those of L. decidua at metaphase are shown 
in figure 16 (Pl. 76). The chromosomes of these two species are very 
similar; 6 of the 12 chromosomes are distinctly heterobrachial, and 6 
have approximately median fiber attachment points. 

The chromosomes of Pseudolarix are unusual among the Conifers, 
both in number and morphology. There are 22 chromosomes, 20 with 
terminal or subterminal fiber attachments, and two with more nearly 
median attachments, although both are distinctly heterobrachial (PI. 
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76, fig. 17). The same condition was found in three different trees of 
Pseudolarix amabilis. 

Twelve chromosomes have been found in all species of Picea exam- 
ined. The chromosomes of P. pungens and P. Abies are very similar 
(Pl. 76, fig. 18 and Pl. 77, fig. 19). Three of the chromosomes are 
_ clearly heterobrachial, while the others are more or less isobrachial. 

The chromosomes of Tsuga canadensis (Pl. 77, fig. 20) and T. caro- | 
liniana are very similar and resemble those of Picea. Three of the 12 
chromosomes are distinctly heterobrachial, and 9 have approximately 
median fiber constrictions. One of the heterobrachial chromosomes 
has a secondary constriction. 

Pseudotsuga taxifolia has 13 chromosomes. One of the chromo- 
somes seems to have a completely terminal fiber attachment point, 6 
are heterobrachial, and 6 have approximately median fiber constric- 
tions. The fiber attachment points are not shown clearly in the draw- 
ing (Pl. 77, fig. 21), but in other figures the shortest chromosome opens 
out at one end and appears to have a completely terminal attachment 
point. 

The chromosomes of Abies cephalonica and A. concolor appear to be 
similar (Pl. 77, figs. 22 and 23). Five of the 12 chromosomes are 
clearly heterobrachial, while the others are approximately isobrachial. 

In the sub-family Taxodineae the endosperm chromosomes were 
examined in only one genus. Cryptomeria japonica has 11 chromo- 
somes in the endosperm cells. Counts were made both at metaphase 
and late anaphase (Pl. 77, fig. 24). All chromosomes are approxi- 
mately. isobrachial. Root tip counts from aceto-carmine preparations 
gave a diploid chromosome number of 22 in Taxodium distichum and in 
Taiwania cryptomerioides, but absolutely accurate counts are difficult 
in root tip cells, even when the cells are flattened after mounting in 
aceto-carmine. | 

In the sub-family Cupressineae three typical genera were studied. 
There are 11 chromosomes in Thuja occidentalis, in T. orientalis, and 
in T. plicata (Pl. 77, figs. 25, 26 and 27). One or two chromosomes 
are somewhat heterobrachial, and the others have approximately median 
fiber attachments. ' 

Both Juniperus virginiana and J. rigida have 11 chromosomes, most 
of which are more or less isobrachial (Pl. 77, figs. 28 and 29). In 
J. rigida one chromosome has a small trabant. Chamaecyparis Law- 
soniana also has 11 chromosomes in.the endosperm cells (Pl. 77, fig. 
30). The chromosomes resemble those of T/uja and Juniperus. In all 
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genera of the Cupressineae examined a few chromosomes are somewhat 
heterobrachial and the others approximately isobrachial. 

In order to facilitate a comparison of the chromosomes in the differ- 
ent families and genera of Conifers, diagrams of the chromosome com- 
plements have been made for the different genera studied. The rela- 
tive lengths of each chromosome are indicated by vertical lines. The 
relative lengths of the arms of each chromosome are shown by placing 
the spindle fiber attachment point on the horizontal line. The chromo- 
somes of each genus are placed in order, according to the length of the 
shorter arms. These diagrams are necessarily only approximately cor- 
rect, and differences between species, and in some cases differences 
between genera, are of doubtful significance. The graphs are reliable 
in indicating the more conspicuous differences in chromosome morphol- 
ogy. These figures are shown in diagrams on text figures 1, 2 and 3. 

A survey of these figures shows that the chromosomes of Ginkgo are 
distinctly different from those of any of the Conifers. The two repre- 
sentatives of the Taxaceae, Cephalotaxus, and Taxus are somewhat 
similar in chromosome morphology, although the chromosomes of 
Cephalotaxus appear to be larger, and the short heterobrachial chromo- 
some has a secondary constriction on the short arm. The short hetero- 
brachial chromosome of Taxus has a nearly terminal fiber attachment 
point. 

In the Pinaceae there is considerable variation in chromosome mor- 
phology between certain genera, even in the same sub-family. Little 
or no variation is found between diploid species of the same genus. All 
chromosomes of Pinus are approximately isobrachial. Cedrus differs 
from Pinus in possessing two slightly more heterobrachial chro- 
mosomes. Six of the chromosomes of Larix are heterobrachial. 
Pseudotsuga has 7 heterobrachial, and 5 isobrachial chromosomes, and 
_ one with a terminal fiber. Picea and Tsuga have similar chromosome 
morphology. Pseudolarix is unique among the Abietineae in having 22 
chromosomes, only two of which are isobrachial. Five of the 12 chro- 
mosomes of Abies are distinctly isobrachial. 

The chromosomes of the representatives of the Taxodineae and 
Cupressineae, i. e. Cryptomeria, Juniperus, Chamaecyparis, and Thuja, 
are similar in morphological characters, and the basic number is 11 for 
each genus. 


MEIOTIC DIVISIONS IN CONIFERS 


A study of the meiotic divisions in different genera of Conifers was 
undertaken to determine chromosome numbers and the frequency and 
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Ginko biloba 


Cephalotaxruvs Foxtuni 


Taxus baccata 


Pimus par viflora 


Crd vaae \ hams fica 


havix decidua 


Figure 1. Dr1acGRAMS OF CHROMOSOME CoMPLEMENTS. (Explanation 
in the text.) 
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Psevdotsuga Taxifolia 


Picea abies 


Tsuga carolimiana 


Pseudolarvix amabilis 


Abies cephalonica 


Abies comcolor 


Ficure 2. DraGRAMs OF CHROMOSOME COMPLEMENTS. (Explanation 
in the text.) 
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Cr yptTomeria japonica 


Juniperus virginiana 


jeniverus chinensis 


Chamaecyparis Lawseniana 


Aheogqa plicata 


Theyza orientalis 


Ficure 3. DIAGRAMS OF CHROMOSOME COMPLEMENTS. (Explanation 
in the text.) 
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types of chiasmata formed. Many of the earlier counts of chromosome 
numbers in Conifers were only approximations, and relatively little 
work has been done on the behavior of chromosomes during meiosis. 

The material used for this study was obtained from Conifer species 
grown in the Arnold Arboretum. Chromosome counts were made from 
meiotic figures in microspore mother cells and divisions in the young 
microspores. Both aceto-carmine smears, and permanent smears 
stained with crystal violet, were used. 

The reduction divisions in the male flowers occur at different times 
for different genera and species. In Juniperus virginiana and J. chi- 
nensis the reduction. divisions are found in late August; in Taxus they 
occur in October; in Larix they are found in late February or early 
March, although the prophase stages begin in the fall. Reduction 
divisions occur in the spring in most of the other genera, and in Juni- 
perus rigida and J. communis. In Pinus, few species overlap in time 
of meiotic divisions, and more than a month elapses between meiosis in 
P. Banksiana and P. Strobus. Cedrus libanotica, as grown in the 
Arnold Arboretum, is exceptional in going through meiosis early in 
August and shedding its pollen in early fall. The female cones de- 
velop, and seeds are produced. 

The reduction divisions in many species occur almost simultaneously, 
and not more than two or three days elapse between the first meiotic 
divisions and the formation of tetrads. All trees of some species seem 
to undergo reduction divisions about the same time, although there is 
considerable variation in Cedrus libanotica, and in some of species 
of Juniperus. 

Both aceto-carmine and permanent smears provided good prepara- 
tions for a study of chromosome numbers and chiasma frequency. The 
_ chiasma frequency does not seem to be very high at mid-diplotene, and 
most of the chiasmata are not completely terminalized at early meta- 
phase. There are usually somewhat more than two chiasmata per 
bivalent at metaphase, and these are usually interstitial or sub-terminal. 
The various stages in meiosis have been photographed to show the 
typical behavior of the chromosomes in Conifer species. The figures 
shown in plate 78 are from Picea Abies. The double nature of the 
pachytene “spireme” is not clearly shown in the photograph (Fig. 31), 
but when flattened, the threads do show the paired chromomeres. The 
early diplotene stages are not sufficiently distinct for a study of chiasma 
formation, but at mid-diplotene the chromosomes are clearly defined 
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in many cases (Fig. 32). The average chiasma frequency at this time 
is about three per bivalent. At metaphase most of the bivalents are in 
the form of rings with segments usually projecting beyond the inter- 
stitial or subterminal chiasmata. Occasional rod bivalents are found 
at late metaphase (Fig. 33). As the bivalents divide, their tetrad 
nature is evident, and the relations of the- four chromatids often can 
be determined in permanent preparations. Frequently two chromatids 
retain their terminal association after the others have separated (Fig. 
34). The chromosomes are easily counted either at metaphase or late 
anaphase (Fig. 35). A telophase stage of the second division is shown 
in figure 36. The meiotic divisions appear to be normal, and there is 
no evidence of chromosome irregularity. 

The chiasma frequencies in the chromosomes of different genera of 
Conifers. and especially in the Abietineae, seem to be very similar. 
Photographs of meiotic figures of six different genera of Abietineae are 
shown in plate 79. The meiotic chromosomes of Larix have about 2.4 
chiasmata per bivalent, as was determined earlier in two species and 
the F, hybrid (Sax, 1932). Most of the chiasmata at diakinesis are 
interstitial (Pl. 79, fig. 37), and the free distal arms are widely sepa- 
rated. Essentially the same configurations are found in Pinus (Pl. 79, 
fig. 38). There is little terminalization of chiasmata between diakinesis 
and early metaphase. ‘fhe first meiotic metaphase in Tsuga is shown 
in Pl. 79, fig. 39. The analysis of chromosome morphology in Pseudo- 
larix endosperm showed a total of 22 chromosomes, of which 20 have 
terminal or subterminal fiber constrictions. The bivalents at meiosis 
are of the ring-rod type, usually with two chiasmata at the same side 
of the attachment points (Pl. 79, fig. 40). The meiotic chromosomes 
of Cedrus (Pl. 79, fig. 41) and of Abies (Pl. 79, fig. 42) have approxi- 
mately the same chiasma frequencies as those of Picea, Larix, and 
Pinus. In general, there is a striking similarity in the meiotic figures 
of the different diploid Conifers. 

A detailed study of chiasma frequency at meiosis has been made for 
22 species of Conifers. The only genus represented in the Taxaceae is 
Taxus ; but in the Pinaceae two of the sub-families are represented, and 
all genera of the Abietineae, with the exception of Keteleeria, have been 
examined. The chiasma frequencies are shown in the following table 
(Table I). Authorities for species names are those given by Rehder 
(1927). 
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TABLE TI. 

CHROMOSOME NUMBER AND CHIASMA FREQUENCY 

Ave. xta 

Chiasma frequency frequency 
Chromsome  -—per 

Species Number 0 1 2 3 4 5 bivalent 
Abies cephalonica 12 Bo 2 D9 ek oe. 987 eG 2.4. 
Abies Nordmanniana 12 6.5 55.9 29.6 8.2 2.4 
Cedrus libanotica 12 .8 58.6 29.7 2.3 
Juniperus communis Li Are Gs we, Fy bell hep s 
Larix decidua IZ 4.0 63.0 25.0 8.0 2.4 
Larix eurolepis 12 0.7 8.0 48.0 32.0 10.7 0.1 2.4 
Larix Kaempferi 12 10.0 40.0 25.0 18.0 0.7 2.5 
Picea Abies 12 1.7 D0.0 30-0 40,0 Os? ae, 
Picea mariana 12 2.4 Facer aoc ied Oc7 Me etO 
Pinus Banksiana iz a alt a2 vd) dd ay 2.3 
Pinus Jeffreyi 12 O56 727 7OULL 200 eo 2.4 
Pinus nigra 12 O75 55 0 29 Oras 2.4 
Pinus Strobus 12 AY2°53.7°29:168 12.5 2I5 
Pinus Thunbergiana 12 4.5 61.4 26.5 7.6 2.4 
Pseudolarix amabilis 22 OFF LRG eSID Ss 1. 2 
Taxus cuspidata 12 Oils WAN I2 Swe 250 
Taxus Hunnewelliana 12 Sasa 79, besa 1.9 
Taxus media 12 5 OS'S. 8h8320 757. VAN) 
Thuja Standishii 11 9.2 750) 1528 2.1 
Tsuga, canadense 12 9 4n7/ 3 12-8. 0.7 eal: 
Tsuga caroliniana 12 0260/7 5165720°2526.01926 2.4 
Tsuga diversifolia 12 Oniy/ 00) 2) :6eels 6 22, 


In the above table the proportion of chromosomes with a given 
chiasma frequency is given in percentage. This was done to facilitate 
comparisons of chiasma frequencies in different species. With one 
exception all chiasma frequencies were based on at least 10 pollen 
mother cells which, in most species, involved 120 or more bivalent 
chromosomes. 

The chiasma frequencies are similar for all genera, ranging from 
1.9 to 2.7 chiasmata per bivalent chromosome. The species within 
each genus have essentially the same chiasma frequencies, and the 
differences found are probably not significant. The chiasma frequency 
found in Taxus agrees with Dark’s (1932) observations. 
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The meiotic divisions were very regular, and unpaired chromosomes 
were found only in rare cases. Even the species hybrids show regular 
divisions and a high percentage of fertile pollen. The pollen sterility 
was determined for all species used in the analyses of chiasma fre- 
quencies and for most of those used for studies on somatic chromo- 
somes. In most cases the pollen sterility ranged from less than 1 per- 
cent to 5 percent. The species with more than 5 percent pollen sterility 
included Abies cephalonica (10%), A. Nordmanniana (7%), Juniperus 
chinensis (10%), J. communis (18%), Taxus cuspidata nana (8%), 
and T. media (9%). 

There is evidence of well defined polarity in the development of the 
microspores of Conifers. In the winged pollen grains, the first division 
in the microspore is at right angles to the axis of the wings and near 
the heavy wall of the cell. The nucleus nearer the wall disintegrates 
and the other divides. Again the nucleus near the wall disintegrates, 
and the remaining nucleus divides to form the tube and generative 
nuclei. The nucleus nearer the cell wall becomes the generative nucleus 
which ultimately produces the male gametes. In rare cases the divi- 
sions are oriented parallel to the axis of the wings. In such cases four 
nuclei of equal size are produced, and there is no evidence of any 
differentiation. Apparently nuclear differentiation in these micro- 
spores is dependent on polarity. 

Chromosome numbers were also determined in a number of species 
where adequate material was not available for a study of chiasma fre- 
quencies. The number of bivalents found at meiosis was 12 in Abies 
Veitchii, Larix occidentalis, Picea glauca, Pinus echinata, P. ponderosa, 
P. pungens, P. rigida, P. sylvestris, P. tabulaeformis, P. virginiana and 
Taxus canadensis. Juniperus chinensis Pfitzeriana is undoubtedly a 
tetraploid with about 22 pairs of chromosomes. All other species of 
Juniperus studied have 11 pairs of chromosomes. Cryptomeria japonica 
also has 11 pairs of chromosomes at meiosis. 


DIFFERENTIATION OF SPECIES AND GENERA OF CONIFERS 


The basic chromosome number seems to be 12 for most Conifers 
and other typical Gymnosperms. The chromosome counts listed by 
Tischler (1927, 1931) include 8 genera of Cycadaceae, all of which 
have 12 chromosomes, with one doubtful exception. Several investi- 
gators have found 12 pairs of chromosomes in Ginkgo. Less than 12 
chromosomes have been found in Taxus and Torreya by earlier work- 
ers, but Ishikawa’s count of 12 in Taxus has been confirmed by the 
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work of Dark and by our studies. Burlingame, Ishikawa, and Schur- 
hoff have found 12 chromosomes in several species of Podocarpus. 
Twelve is the basic number reported in Larix, Pinus, Picea, Tsuga, and 
Abies. The earlier counts in the Araucarineae, Cupressineae, and Taxo- 
dineae were obtained in connection with morphological studies, and for 
the most part they are of doubtful value. The Gnetales are exceptional 
types of Gymnosperms and seem to be exceptional in chromosome 
number. The most reliable counts in this family seem to be those of 
Geitler, who finds 7 pairs of chromosomes in Ephedra. Twelve appears 
to be the original basic number for all other Gymnosperms. 

Deviations from the typical basic chromosome number are found in 
the Conifers, but they can be attributed to the addition or loss of a 
chromosome, or to polyploidy. Thirteen chromosomes are found in 
Pseudotsuga taxifolia endosperm cells. Meiotic divisions were not 
observed in this genus, so that it is not possible to say whether the extra 
chromosome is a simple duplication, or a duplication followed by inter- 
change of segments and loss of complete homology with any one of the 
twelve chromosomes of the basic complement. 

Cryptomeria, Thuja, Juniperus, and Chamaecyparis each have 11 
chromosomes as a basic number. If 12 is the basic chromosome number 
in the Conifers, it is improbable that the lower number is the result of 
a loss of an entire chromosome. The loss of a single chromosome from 
the basic complement produces inviable gametes and zygotes in prac- 
tically all plants. It seems more probable that interchange of seg- 
ments left one chromosome too short to pair regularly. If such a chro- 
mosome carried only unessential genes, it could be eliminated with no 
lethal effect on either gametes or zygotes. . 

Pseudolarix has two isobrachial chromosomes and twenty with ter- 
minal or subterminal fiber attachment points. The chromosome mor- 
phology of this species might suggest that the original chromosome 
complement consisted of twelve more or less isobrachial chromosomes, 
of which ten had segmented at or near the fiber attachment. This sug- 
gestion is in accord with the fact that there are few multivalent asso- 
ciations of chromosomes at meiosis. An increase in chromosome 
number by fragmentation would also necessitate a corresponding in- 
crease in fiber attachment points, and there is no evidence that such 
attachment points can be divided or formed de novo. To be sure 
Darlington (1929) has postulated that chromosome fragments of a cer- 
tain size may form new fiber attachments, but as Navashin (1932) has 
pointed out, the evidence against this hypothesis is very conclusive. 
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Chromosome fragments of any size do not survive unless they retain 
the fiber attachment or are attached to another chromosome possessing 
it. It is improbable, therefore, that the chromosome number of Pseudo- 
larix can be attributed to fragmentation. If Pseudolarix is a polyploid 
with twelve chromosomes as the original basic number, the aneuploid 
condition caused by the loss of two chromosomes would not necessarily 
be deleterious, especially if preceded by segmental interchange. Inter- 
change between many of the remaining non-homologous chromosomes 
might reduce homology to such an extent that few multivalent associa- 
tions would be found at meiosis, even though the chiasma frequency 
exceeds two per bivalent. Homology of several chromosomes in the 
haploid complement is shown in dividing figures in endosperm tissue. 
In one metaphase figure two chromosomes were in contact at all loci, 
and several other chromosomes were found closely associated in pairs. 

Polyploidy is rare in the Conifers and has been reported previously 
only in Sequoia sempervirens. Dark (1932) found about 50 chromo- 
somes in the root tips of this species and considers it to be a tetraploid. 
Our aceto-carmine preparations of root tips also show that this species 
is a polyploid. Alhough the exact number of chromosomes could not 
be determined, there were more than 40. The somatic number in 
Sequoia gigantea is from 21 to 24 chromosomes, according to Good- 
speed and Crane (1920). Juniperus chinensis Pfitzeriana is undoubt- 
edly a tetraploid with 22 pairs of chromosomes. The other Juniper 
species examined have 11 pairs of chromosomes. The three polyploid 
species of Conifers described are presumably auto-polyploids, although 
changes in chromosome morphology may have reduced homology sub- 
sequent to chromosome duplication. 

It is evident that changes in chromosome number have played a 
minor part in the differentiation of genera of Conifers. The Cupres- 
sineae differ from most other Conifers in having a basic chromosome 
number of 11. The closely related sub-family Taxodineae may also 
have 11 chromosomes as the basic number. According to Dark (1932), 
Cryptomeria has 24 somatic chromosomes, but counts from root tips 
are unsatisfactory and may not be reliable. We have found 11 chromo- 
somes in the endosperm cells of Cryptomeria and in meiotic figures. 
Coker (1903) pictures 11 chromosomes in the microspore division in 
Taxodium. Goodspeed and Crane (1920) found 21 to 24 chromosomes 
in root tips of Sequoia gigantea, which might be taken to mean that the 
somatic number was less than 24. We have also found about 22 
somatic chromosomes in Taiwania and Taxodium. 
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Differentiation of genera of Conifers seems to be associated, to a con- 
siderable extent, with differences in chromosome morphology. The 
two genera of Taxaceae studied are somewhat similar in chromosome 
morphology, although two of the chromosomes of Taxus are more 
nearly subterminal than those of Cephalotaxus. The Abietineae show 
considerable variation. All chromosomes of Pinus are approximately 
isobrachial; one chromosome of Cedrus is distinctly heterobrachial; 
six chromosomes of Larix are heterobrachial; and all but two of the 
twenty-two chromosomes of Pseudolarix have terminal or subterminal 
fiber attachments. Picea, Abies and Tsuga show some variation in 
length of chromosomes and positions of fiber attachments. In the 
Cupressineae, however, there is little difference in chromosome morphol- 
ogy of different genera. The chromosomes of Juniperus, Thuja, and 
Chamaecyparis are similar in morphology and are all more or less iso- 
brachial. The chromosomes of Cryptomeria, representing the Taxo- 
dineae, resemble those of the Cupressineae. These two sub-families 
seem to be similar in chromosome number and chromosome morphology. 

Where different genera show well marked differences in chromosome 
morphology, one might suppose that such variation is responsible for 
the initial isolation which would permit independent variation and the 
ultimate differentiation of genera. If changes in chromosome morphol- 
ogy are caused primarily by segmental interchange, as seems probable, 
then the new interchange types may be isolated from the original type 
because of the sterility of individuals heterozygous for segmental inter- 
change. A high degree of sterility in individuals heterozygous for seg- 
mental interchange chromosomes would be expected in the Conifers 
because of the prevalence of interstitial chiasmata at meiosis. The 
rigidity of interchange rings caused by interstitial chiasmata would 
result in a high percentage of non-disjunction and consequently a high 
‘gametic sterility (Sax and Anderson, 1933). Only the forms homo- 
zygous for segmental interchange could survive, and variations pro- 
duced in these forms would not be swamped by intercrossing with the 
original parental types with a different chromosome morphology. A 
considerable amount of interchange and natural selection would have 
to occur to produce the variations found in certain genera. 

Differentiation of genera, and even sub-families, in the Cupressineae 
and Taxodineae has occurred with little apparent change in chromo- 
some morphology. Exchange of approximately equal segments could 
occur with no apparent change in chromosome morphology, as is the 
case in Tradescantia (Sax and Anderson, 1933). On the other hand, 
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it is quite possible that the differentiation of these genera may be 
initiated and maintained by genetic factors, as seems to be the case in 
certain races and species of Drosophila (Schultz and Dobzhansky, 
1933; and Dobzhansky, 1933). 

The factors involving the differentiation of genera in the Conifers 
seem to be of a different nature from those responsible for species dif- 
ferentiation. In the Abietineae, especially, the genera differ consider- 
ably in chromosome morphology, but the species within a genus show 
little or no variation in chromosome morphology. If species differen- 
tiation in the Conifers is caused primarily by gene mutations, many 
species within a genus may not differ sufficiently to prevent species 
hybridization and fertility of the F, hybrids. The available evidence 
seems to support this-assumption. Larix eurolepis is an F, hybrid 
between L. Kaempferi, a native of Japan, and the European Larch, 
_L. decidua. Although the parental species have been isolated for a long 
time, the F, hybrid shows almost complete chromosome pairing, the 
chiasma frequency at meiosis is as high as that found in the parents, 
and more than 90 percent of the pollen is good (Sax, 1932). Accord- 
ing to Rehder (1927), Taxus media is a hybrid of the Japanese Yew, 
T. cuspidata, and the English Yew, T. baccata. Taxus Hunnewelliana 
is supposed to be a hybrid between T. cuspidata and T. canadensis. 
Both of these hybrids show regular chromosome pairing, normal chi- 
asma frequency at meiosis, and a high degree of fertility. Species 
hybrids have been found in Abies, Tsuga, Picea, Larix, and Pinus 
(Rehder, 1927). According to Austin (1927), there are seven known 
natural species hybrids in Pinus and two of artificial origin. Austin 
has made additional crosses which seem to be successful. 

If different species cross readily, there must be some factors which 
prevent extensive crossing and thus maintain the species as units. Two 
factors certainly play a part in species isolation,—geographic distri- 
bution and time of flowering. Although the ranges of certain species 
overlap, many species are so separated in distribution that crossing 
could never occur in nature. The shedding of pollen in most species 
is completed in a few days, and there is often no overlapping of flower- 
ing periods within species of a given genus. For example, Tsuga 
canadensis sheds its pollen before T. caroliniana or T. diversifolia. The 
last two species flower at the same time in the Arboretum, but in nature 
they are geographically isolated. Artificial crosses have been made 
between these two species which have resulted in an abundant set of 
seed. The species of Pinus also show a great range in time of flower- 
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ing, and more than a month elapses between the pollination of P. 
Banksiana and pollination of P. Strobus. Many species of Pinus are 
undoubtedly interfertile, but certain species in different sections may 
be so genetically differentiated that the artificial production of hybrids 
would be difficult or impossible. 

The chromosome numbers in the Gymnosperms are of interest in 
regard to the absence of double fertilization in this group of plants. 
According to Miintzing (1933), hybrid incompatibility and the occur- 
rence of polyploidy in the Angiosperms are more or less dependent on 
double fertilization. Polyploidy is preserved because of incompatibility 
between diploids and polyploids, caused by the disturbed relations 
between embryo, endosperm, and somatic tissues. As evidence in sup- 
port of this view, Miintzing points out the rare cases of polyploidy in 
genera which do not have double fertilization. 

Although polyploidy is rare in the Conifers, at least two polyploid 
species are known, Juniperus chinensis Pfitzeriana and Sequoia semper- 
virens, and it is probable that Pseudolarix, also, is of polyploid origin. 
One might suppose that the prevalence of interstitial chiasmata in the 
Conifers would result in quadrivalent chromosome configurations at 
meiosis of such a nature that irregular chromosome distribution would 
occur and produce considerable pollen sterility, but the pollen sterility 
in the tetraploid Juniper is only 6 percent, which is less than that 
found in some of the diploid species. There is less than 5 percent of 
pollen sterility in Pseudolarix. It is evident that the rare occurrence 
of polyploidy in the Conifers can not be attributed to the sterility of 
such types. 

According to Miintzing’s theory polyploid Conifers are rare because 
diploid and polyploid forms can cross readily, and consequently the 
polyploid form is not isolated and can not develop independently unless 
_ geographically isolated. This hypothesis might also explain the differ- 
entiation of relatively few species and genera in the Gymnosperms. 


SUMMARY 


The authors have determined the chromosome numbers for 53: spe- 
cies representing 16 genera of Conifers. The basic chromosome number 
is 12 for most Gymnosperms, with the exception of the Gnetales. 
Twelve pairs of chromosomes have been found in all genera studied in 
the Taxaceae. Deviations from the typical basic number are found in 
the Pinaceae. In the Abietineae 12 pairs of chromosomes are found 
in Picea, Tsuga, Abies, Larix, and Pinus, as reported by earlier investi- 
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gators. Cedrus also has 12 chromosomes, but in Pseudotsuga there are 
13, and in Pseudolarix there are 22 pairs of chromosomes. The basic 
number is 11 in the Cupressineae as represented by Thuja, Juniperus, 
and Chamaecyparis. One variety of Juniperus chinensis is a tetraploid. 
The basic number seems to be 11 in the Taxodineae examined also. 
Cryptomeria undoubtedly has 11 pairs of chromosomes, and the same 
‘number was found in Taxodium and Taiwania. Sequoia sempervirens 
is a polyploid, but the exact number of chromosomes could not be de- 
termined. Deviations from the primary basic number are attributed 
to the loss of a small chromosome, following translocation of segments, 
in the Cupressineae and Taxodineae; duplication of a chromosome in 
Pseudotsuga; and polyploidy in three species of Conifers. 

Genera of Conifers may differ considerably in chromosome morphol- 
ogy, but species within each genus are very similar. Differentiation of 
genera is often associated with changes in chromosome morphology, 
presumably caused by segmental interchange. Species differences seem 
to be based primarily on genic changes, which, in many cases, do not 
prevent compatible species hybrids. Many species maintain themselves. 
as distinct units only by geographic or physiological isolation. 

The chiasma frequency and behavior of the chromosomes at meiosis 
has been determined for 22 species representing 10 genera of Conifers. 
The average number of chiasmata per bivalent ranges from about 2.0 
to 2.7. The meiotic figures are somewhat similar in all diploid species 
examined, and especially so in the Abietineae. The similarity in chro- 
mosome numbers and meiotic configurations in the Conifers is remark- 
able as contrasted with the great variation in numbers and chiasma 
frequencies found in the Angiosperms. 
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EXPLANATION OF THE PLATES 


Plate 75. 


Photographs of different stages in thé mitotic cycle in the endo- 
sperm of Cephalotaxus Fortunt. 


Fig. 1. Prophase showing “spireme” and single nucleolus. 

Fig. 2. Metaphase. The fiber attachment points can be seen in several 
chromosomes. 

Fig. 3. Anaphase. Separation of daughter chromosomes almost com- 
plete. 

Fig. 4. Late anaphase. The number and types of chromosomes are 
easily determined. 

Fig 5. Late telophase. The chromosomes form a compact mass at 
each pole. 

Fig. 6. Reconstruction of daughter nuclei. The chromosomes are 


polarized around a single nucleolus. 


Plate 76. 


Somatic chromosomes from endosperm tissue of Conifers. 
Drawn’ from aceto-carmine preparations, X 1200. 


Fig. 7. Ginkgo biloba. Metaphase. 12 chromosomes. 
Fig. 8. Taxus canadensis. Metaphase. 12 chromosomes. 
Fig. 9. Taxus baccata. Metaphase. 12 chromosomes. 
Fig. 10. Taxus cuspidata. Metaphase. 12 chromosomes. 
Fig. 11. Pinus parviflora. Metaphase. 12 chromosomes. 
Fig. 12. Pinus Thunbergiana. Metaphase. 12 chromosomes. 
Fig. 13. Pinus ponderosa. Metaphase. 12 chromosomes. 
Fig. 14. Cedrus libanotica. Metaphase. 12 chromosomes. 
Fig. 15. Larix Kaempferi. Late anaphase. 12 chromosomes. 
Fig. 16. Larix decidua. Metaphase. 12 chromosomes. 
Fig. 17. Pseudolarix amabilis. Metaphase. 22 chromosomes. 
Fig. 18. Picea pungens. Metaphase. 12 chromosomes. 
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Plate 77. 


Somatic chromosomes from endosperms. 


19. Picea Abies. Metaphase. 12 chromosomes. 

20. Tsuga canadensis. Late anaphase. 12 chromosomes. 
21. Pseudotsuga taxifolia. Metaphase. 13 chromosomes. 
22. Abies cephalonica. Metaphase. 12 chromosomes. 

23. Abies concolor. Metaphase. 12 chromosomes. 

24. Cryptomeria japonica. Late anaphase. 11 chromosomes. 
25. Thuja occidentalis. Late anaphase. 11 chromosomes. 
26. Thuja orientalis. Metaphase. 11 chromosomes. 

27. Thuja plicata. Metaphase. 11 chromosomes. 

28. Juniperus virginiana. Metaphase. 11 chromosomes. 

29. Juniperus rigida. {Metaphase. 11 chromosomes. 

30. Chamaecyparis Lawsoniana. Metaphase. 11 chromosomes. 


Plate 78. 


Meiotic divisions in Picea Abies. Photographs of aceto- 
carmine preparations. 


31-36. Stages of meiosis from pachytene to tetrad formation. 


Plate 79. 


Meiosis in Conifer species. Photographs from aceto-carmine 
preparations. 


37. Larix Kaempferi. Diakinesis. 
38. Pinus nigra. Diakinesis. 

39. Tsuga caroliniana. Metaphase. 
40. Pseudolarix amabilis. Metaphase. 
41. Cedrus libanotica. Metaphase. 
42. Abies cephalonica. Metaphase. 


CyTOLoGIcAL LABORATORY, ARNOLD ARBORETUM, 
HARVARD UNIVERSITY. 
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CHROMOSOME NUMBER AND RELATIONSHIP 
IN THE MAGNOLIALES 


Tuomas W. WHITAKER 
With plate 80 and four text figures 


BECAUSE OF THEIR important phylogenetic position, the Magnoliales 
offer a suggestive group for cytological investigation. It is the purpose 
of the present paper to report the results of a cytological survey of 
several members of the Magnoliales with a discussion of the bearing of 
these results on taxonomic and phylogenetic relationships.* 

The Magnoliales, according to Hutchinson (1921), may be separated 
into the following families: Magnoliaceae, Winteraceae, Schisandraceae, 

_Himantandraceae, Lactoridaceae, Trochodendraceae, and Cercidiphyl- 
laceae. In the collections of the Arnold Arboretum members of the 
Magnoliaceae, Schisandraceae, Trochodendraceae, and Cercidiphyl- 
laceae are available for study. Through the codperation of the Royal 
Botanic Garden, Kew, and the John Innes Horticultural Institution, 
Merton, England, it has been possible to extend the range of the in- 
vestigation to include all the families in the order, with the exception 
of representatives of the Himantandraceae and Lactoridaceae. 

Table I gives the chromosome number of the species studied. The 
observations on the meiotic divisions were made from aceto-carmine 
and permanent smear preparations of pollen mother cells. The aceto- 
carmine preparations were found to be superior for the study of chro- 
mosome number and chiasma frequency. The counts of Illicium 
anisatum, I. floridanum and Drimys Winteri were secured from root tip 
material by the use of the smear-maceration method followed by stain- 
ing with aceto-carmine. The remaining somatic counts were secured 
from root tips by use of the usual permanent preparations of sectioned 
material. 


1The work reported in the present paper has been furthered through the codperation 
of a number of investigators at this and other institutions. Thanks are due to the 
officials of the Royal Botanic Garden, Kew, and of the John Innes Horticultural 
Institution, especially to W. J. C. Lawrence, Curator, and Mr. L. La Cour of the 
latter institution, who provided the material of Trochodendron aralioides, Illicium 
religiosum, Tetracentron sinense, and Kadsura japonica. Professor I. W. Bailey of 
the Arnold Arboretum has kindly furnished the data regarding the anatomy of the 
group studied. Professor Karl Sax of the Arnold Arboretum suggested the investi- 
gation and has very generously provided the drawings and information regarding 
Cercidiphyllum and Euptelea. 
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TABLE I 
CHROMOSOME NUMBERS IN THE MAGNOLIALES 


Chromosome No. 


(n) (2n) 
MAGNOLIACEAE 
MLDONOUOEUI GUNSOIG laa iat aeate. ota os ches eon es cee 19 
ER OMOUE TEP EGE UL ice «Sans sieldinto'e e's wtelalc leo bie oldie dis « ee 19 
RGR OOM ELASrIw NV altar Gor, aalemlc's sisriveie.cree'aiiieis avore «/5 19 
(EN NTRS TCT TOT Se ee 38 
Magnolia acuminata var. cordata Sarg. ...........4.. 38 
VEEGIOMONILELONE WESTOUSS 75 a tieitels re ce eieis) nie < 4'* «.cneyeis' 38 
Magnolia Soulangeana Soul... 02.2... cece ee sess es 38 
Magnolia Soulangeana var. Brozzonii ............... 38 
Magnolia Soulangeana var. Candolleana ............. 38 
EL ArsOGente ony TAT eran Vee ta acle mis vets senate lp: ardi’s wiase'' 19 
WINTERACEAE 
LAGTUIIMANTSALUNELIGI Oe. arts. cette el. Coaae es ME See ass da ees 28 
TiltcoumerelsorosumaSiebs &F ZUcen sss ch he kes od eek sc wlalaee ee « 28 
UCTS AT OAR OT CLAM OIC OBO BOOGIE Eh e oro One rere 28 
DDE RRUVR ME AMTCEL < UOLGt wows is) asgitelsbicasie = ida eledenszie areas» Sunjecarwaus « =+=76 
(4 X 19) 
SCHISANDRACEAE 
Schisandra sphenanthera Rehd. & Wils. .............. 14 
PRGA SUL ADONICAM EA ZERIT. Sans Noite win Cee eet OIe «coe dels at deictcveens 28 
TROCHODENDRACEAE 
Trochodenaron araliotdes Sieb.& Zuce. 2.5.00. eee cee cee 38 
Buptelea polyandra ‘Sieb., & Zuce:. «o/s. 50s ds tee sees 14 
CERCIDIPHYLLACEAE 
Cercidiphyllum japonicum Sieb. & Zucc. ...........4. 19 
RIPE CIEL OUUSINCISCHO IEVEEN . cians aisha Gather ela we ree Sie eae Ne 38 


In the genus Magnolia, the forms examined were either diploids or 
tetraploids (Pl. 80, figs. 1, 2, 5, 7). Morinaga, et al. (1929) have 
reported the haploid number of M. grandiflora as being 56—57. The 
basic number in Magnolia is 19. It therefore apr, ae that M. 
grandiflora is a hexaploid. | 

Both diploid and tetraploid species were found among the Magnolias 
which are indigenous to North America. Magnolia liliflora, the only 
Chinese species which has been studied, has 38 chromosomes. _Ishi- 
kawa (1916) has given the number of one of the Chinese species of 
1Tetracentron has been omitted by Hutchinson (1926) in his treatment of the 


Magnoliales. Since it has generally been considered as belonging to this group, it 
has been included in this study. 
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Magnolia (M. kobus) as 19. This indicates that there are diploid and 
tetraploid representatives of the genus in both North America and Asia. 

Magnolia Soulangeana is a supposed hybrid resulting from the cross 
M. denudata X M. liliflora (Rehder, 1927). The three forms of this 
hybrid that were examined all proved to be tetraploids (see Table I & 
Fig. 8). Since M. liliflora was found to be a tetraploid (Fig. 11), it is 
probable that the other parental species, M. denudata, is also a tetra- 
ploid. However, the chromosome count of this species was not secured. 
The meiotic divisions in the forms of M. Souwlangeana that were exam- 
ined show a slight amount of irregularity. There is also considerable 
pollen sterility, averaging about 25% in each of the three forms 
studied. In the parent species, M. denudata and M. liliflora, only 7% 
of the pollen is sterile. 

Liriodendron Tulipifera has 19 pairs of chromosomes (Fig. 4). It is 
taxonomically closely allied to the Magnolias. This position is well 
supported by the cytological evidence. The chromosome size, shape, 
and chiasma frequency are similar to those of the Magnolias. 

The chromosome constitution of the different species of Magnolia 
do not exhibit any detectable variation. The chromosomes are all 
short rods of equal length, showing up very clearly at metaphase. The 
nature of the material has made possible the determination of chiasma 
frequency at early metaphase. This has been done for Liriodendron 
Tulipifera and a few representative species of Magnolia. 

The results of this study brought out the following points: 

1. There was no significant difference in the chiasma frequency per 
bivalent between any of the species of Magnolia examined. Two diploid 
species (M. virginiana and M. tripetala), two tetraploid species (M. 
acuminata var. cordata and M. liliflora), and the species hybrid, (M. 
Soulangeana var. Brozzonii) were investigated. The chiasma frequency 
in the above species ranged from 1.06 in M. tripetala to 1.17 in M. lili- 
flora. A difference of this degree can scarcely be considered significant. 
The chiasma frequency of Liriodendron Tulipifera was 1.14, thus com- 
ing within the same range as that of the Magnolia species. 

2. By far the greater proportion of the bivalents are paired as rods. 
There are usually 1—3 rings and, in the tetraploids, one or two multi- 
valent associations. The chiasmata are invariably terminal at this 
stage (early metaphase). 

It was thought that a study of the pollen grains of the diploid and 
tetraploid Magnolias might show size differences which could be used 
as a diagnostic character in predicting whether a particular species was 
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a diploid or a tetraploid. It was found, however, that the pollen grains 
of both diploid and tetraploid species are all very similar in size, shape, 
and wall sculpturing. The pollen grains of Liriodendron Tulipifera 
bear certain resemblances to those of the Magnolias, although the 
pollen of this species appears to have a much thicker wall, with deeper, 
heavier sculpturing. 

Three species of Jilicium have been examined, all of which proved 
to be diploids with 28 somatic chromosomes (Text fig. 1). The chro- 
mosomes of the three species that have been examined are remarkably 


PIG UREN CLERICLUM FLORIDANUM tries Ws fo Pde cae ass 28 chromosomes. 
Recureecee KADSURA IPAPON TCA showing be dav biocen.ccee 28 chromosomes. 
Figure 3. TROCHODENDRON ARALIOIDES ............. 38 chromosomes. 
FicureE 4. TETRACENTRON SINENSE ..........ceeeee; 38 chromosomes. 


Ficure 1. has been drawn from a root tip smear. The remainder are 
from permanent preparations of root tip material. >< 2100. 
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alike and are considerably larger than those of Drimys and other mem- 
bers of the group having 19 as the basic number. Cytologically, 
Illicitum is clearly distinct and bears no resemblance to either the 
members of the Magnoliaceae or Drimys, supposedly its closest allies. 

Morinaga, et al. (1929) have listed the reduced chromosome number 
of Illicitum anisatum as 14. The figures given by these workers, of the 
chromosomes during metaphase of the first division compare favorably 
in size and shape with those of Schisandra sphenanthera (Pl. 80, 
fig. 10). 

Drimys Winteri has about 76 chromosomes in somatic cells. Stras- 
burger (1905) has stated there are about 36 pairs of chromosomes in 
this species. Because of the large number of chromosomes and their 
small size, it is difficult to make absolutely certain of the number. 
However, it is undoubtedly between 72 and 76, with greater likelihood 
of the latter figure’s being correct. 

In Schisandra sphenanthera the haploid chromosome number is 14 
(Pl. 80, fig. 10). The chromosome complement of this species has no 
affinity with that of the Magnolias or Liriodendron. The chromosomes 
are larger than those found in the Magnoliaceae, and there is a tend- 
ency toward irregularity in the time of division,—i. e., precocious 
division of one or two bivalents. This does not seem to affect the per- 
centage of good pollen (94%). 

Kadsura is a genus of climbing vines, closely allied to Schisandra. 
Kadsura japonica, the only species which has been examined, has 28 
chromosomes (Text fig. 2). The counts were made from permanent 
root tip preparations. The chromosomes of this species resemble those 
of Schisandra and other representatives of the 14 chromosome group. 

Trochodendron aralioides has a somatic chromosome number of 38 

(Text fig. 3). Cytologically, its relations are with Magnolia and Lirio- 
_dendron rather than with Euptelea, with which it has been placed by 
Hutchinson (1921). 
_ Euptelea polyandra has 14 pairs of chromosomes (Pl. 80, fig. 9). 
Some secondary pairing and irregularity in the time of division, simi- 
lar to that found in Schisandra sphenanthera, has been noted in this 
species. 

Cercidiphyllum japonicum, the representative of the monotypic fam- 
ily Cercidiphyllaceae has 19 chromosomes (PI. 80, fig. 3). The figure 
indicates that the chromosome size and shape are of the same general 
nature as those of Liriodendron and Magnolia. The chiasma fre- 
quency corresponds closely to that found in these two genera. 


ae el 
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Tetracentron sinense has 38 chromosomes in the root tip cells (Text 
fig. 4). Judging by its cytological characteristics, this genus is allied 
to the Magnoliales. Its chromosome number definitely places it with 
Magnolia, Liriodendron, Trochodendron, etc. 


DISCUSSION 


Engler and Prantl’s system (Die natiirlichen Pflanzenfamilien) has 
been criticized on the ground that the Amentiferae are regarded as a 
more primitive group than such polypetalous families as Magnoliaceae 
and Ranunculaceae. From morphological evidence, this criticism 
seems justified. Maneval (1914) has compiled a list of characters 
which are generally conceded to be more or less indicative of a primi- 
tive condition. These characters are all found in the Magnoliaceae. 
Sinnott (1914) has used nodal anatomy as a means of indicating phylo- 
genetic relationships. He states: ‘““The Magnoliaceae are perhaps more 
variable in nodal structure than any other family of dicotyledons.” 
The Magnoliaceae, as used here, include, in addition to the Magnolias 
and Liriodendron, the Schisandraceae and Winteraceae of Hutchinson 
(1926). This variability in nodal structure is precisely what one 
would expect and what is actually found among primitive types. 

If one accepts the customary thesis that the Magnoliales are a prim- 


itive group of dicotelydons, one would expect to find, among the fam- 


ilies of this order, several lines of cytological development. Thus far 
the evidence from chromosome numbers and other cytological features 
indicates that there are at least two such lines. The first comprises 
Magnolia, Liriodendron, Drimys, Trochodendron, Tetracentron, and 
Cercidiphyllum. In this group the chromosomes are characteristically 
small, short rods with a basic number of 19 pairs. In the second group 
occur Euptelea, Schisandra, Kadsura and Illicium, with 14 as the basic 
chromosome number. The chromosome size, shape, and configurations 
found in this group bear considerable resemblance to one another. 

In Table II an attempt has been made to compare chromosome 
number, type of nodal anatomy, and several other -anatomical fea- 
tures in the genera under investigation. Perhaps the most important 
point brought out by this table is the correlation existing between 
chromosome number and type of nodal anatomy. In Group I are 
found genera with two types of nodal anatomy: (a) 3 traces from 
3 gaps (Tetracentron, Drimys, Cercidiphyllum); (b) o traces from 
co gaps (Trochodendron, Magnolia, Liriodendron). The second cate- 
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gory is essentially a multiplication of the fundamental condition of 3 
traces from 3 gaps. In the 14-chromosome group two types of nodal 
anatomy are found; (a) 1 trace from one gap (Jllicium, Kadsura, 
Schisandra); (b) 3—7 traces from 1 gap (Euptelea). The latter 
condition simply represents a multiplication in the number of traces of 
the basic condition of 1 trace from 1 gap. 

The value of nodal anatomy as an aid in classification of angio- 
sperms and as a means of detecting phylogenetic relationships, has been 
fully discussed by Sinnott (1914). It is sufficient, for the present pur- 
pose, to note that it is extremely constant within most families and is 
of considerable value in determining broad lines of relationship. The 
fact that there is a close agreement between chromosome number and 
nodal anatomy is reasonably strong evidence that the genera placed 
together in Table II form a natural grouping which should be con- 
sidered in any future classification of this group. 

It may be well to point out, at this juncture, the significance attached 
to a basic number of 19 chromosomes. This is an unusual number in 
the plant kingdom and is very rarely met. It has not been reported in 
any of the families which may be considered as related to the Magno- 
liales. If the chromosome number had been 12 or some other number 
of common occurrence, it would not carry nearly the weight which it 
does in the present case. It-is difficult to account for the occurrence of 
this unusual chromosome number in Group I unless we assume that 
the genera composing this group are made up of closely related forms. 

McLaughlin (1933) has recently made a very thorough study of the 
systematic anatomy of the woods of the Magnoliales. In his suggested 
classification of the group he has eliminated Cercidiphyllum, Euptelea 
and Jilicitum by placing them in the Hamamelidales rather than in the 
Hamamelidaceae. Cytologically, there is no evidence to justify this 
step. Professor Sax informs me that the Hamamelidaceae have 12 
rather characteristically small, short chromosomes (unpublished data). 
Illicium and Euptelea, with 14 chromosomes, and Cercidiphyllum, with 
19 chromosomes, would not fit into this proposed classification. 

The placing of Drimys and IIlicium in the same family, as proposed 
by Hutchinson (1921), can hardly be sanctioned in view of the present 
evidence. These two genera are very dissimilar cytologically. The 
same criticism can be made in regard to placing Trochodendron and 
Euptelea in the same family, as this author has suggested (Hutchinson, 
1921). 
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SUMMARY 


The evidence shows that in the Magnoliales thus far investigated 
there are two lines of cytological development. Group I has a basic 
chromosome number of 19. The chromosomes of this group are char- 
acteristically small, short rods. In this group the following genera 
occur: Magnolia, Liriodendron, Cercidiphyllum, Drimys, Trochoden- 
dron, and Tetracentron. Group II has a basic number of 14 chromo- 
somes. In this group the chromosomes are much larger than those of 
Group I. The following genera occur in Group II: Jilicium, Schisan- 
dra, Kadsura, and Euptelea. 

There seems to be a correlation between basic chromosome number 
and type of nodal anatomy. Group I is characterized by the trilacunar 
condition and a multiplication of this condition. Group II is charac- 
terized by the unilacunar condition and a modification of this condition. 

Some of the more recent systems of classification of the Magnoliales 
have been criticised, and it has been pointed out where certain revi- 
sions would bring about a more natural system of classification. 
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DESCRIPTION OF PLATE 80 


Chromosome numbers in the Magnoliales. The drawings are from 
aceto-carmine and permanent smears of pollen mother cells. Magnifica- 
tion about 2100. 
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CHROMOSOME NUMBER IN ACER AND STAPHYLEA 
_ Ropert C. Foster 
With plate 81 
INTRODUCTION 


ACCORDING TO HUTCHINSON (1926) Acer is a large genus dis- 
tributed widely throughout the northern temperate zone in North 
America, Europe, western Asia, China, Japan, and is found also in 
northern Africa. This large group of approximately 115 species is 
divided into at least 14 subgroups. Eight of these subgroups are rep- 
resented in this study by 13 species and varieties. ‘Two more sub- 
groups, represented by one species in each, have been studied by 
Taylor (1920). In all, 10 of the 14 subgroups and 19 species and 
varieties have been studied by various workers, affording a rather broad 
basis for conclusions. ; 

Closely allied to the Aceraceae are the Staphyleaceae. In the genus 
Staphylea two species have been previously studied (Mottier, 1914, 
Winge, 1917). These two have been re-examined and two additional 
species studied in the present work. 


MATERIALS 


In the spring of 1933, branches bearing male flowers of Acer and 
_ Staphylea were brought into the laboratory and examined for reduction 
divisions in the pollen mother-cells and for microscope divisions. The 
reduction divisions in Acer apparently occur very early, when flower 
buds and anthers are extremely small. A similar condition is true of 
Staphylea. Out of a large amount of material, satisfactory stages were 
found in only 13 species and varieties of Acer and’4 species of Sta- 
phylea. All material examined for chromosome counts was studied 
from aceto-carmine smears prepared according to Belling’s formula 
(Belling 1926). 

In addition to chromosome counts, preparations of the fully devel- 
oped pollen were made and examined for pollen sterility counts. 
These counts were made on 53 species and varieties of Acer. All ma- 
terial was gathered in the Arnold Arboretum. 


RESULTS 


The chromosome counts and the pollen sterility counts on the species 
of Acer examined cytologically are summarized in Table I. For com- 
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pleteness, this table also includes counts made by other workers and 
a brief indication of the geographic distribution of these species, accord- 
ing to Rehder (1927). Without exception, the haploid chromosome 
numbers found in this study were 13 or multiples of 13. 

Of Staphylea, four species were examined. The results are sum- 
marized in Table II. 


TABLE II. 
Species n Distribution 
Staphylea bumalda DC 13 Japan 
sf pinnata L. 13 Central and southern Europe 
KS colchica Stev. 26 Caucasus 
. trifolia L. 39 Eastern Canada and U. S. 


Here, as in Acer, the haploid number is either 13 or a multiple of 13. 


DISCUSSION 


Of the 19 species and varieties of Acer which have been examined 
cytologically, 14 are diploids, with n = 13. Four are tetraploids, 
with n — 26; one of these, A. carpinifolium has had only its somatic 
number studied (Taylor, 1920). A. rubrum is an octoploid, with n = 
52. The Maples, then, have 13 as a basic number and are, for the 
most part, diploids, but a polyploid series does exist. 

Differing counts have been made by other workers. Cardiff (1906) 
found n — 11 in A. platanoides, a count corroborated by Taylor 
(1920) who found, however, 2n = 26 in somatic counts on seedlings 
of this species. Meurman (1933) finds n = 13 in this species, as did 
Darling (1923). One seedling which the former examined proved to 
be a triploid, 2n = 39, which he regards as either an autotriploid, or a 
hybrid between a diploid and a tetraploid (loc. cit. p. 159). 

In A. rubrum, for which n = 52 was found, four other counts have 
- been made by Darling (1912), Mottier (1914) and Taylor (1920). 
The last named worker, in one instance, made a meiotic count of n == 

+50, which approximates the count made in the present study. 

The varying counts made on A. rubrum make plausible Taylor’s 
(1920) suggestion of races within this species, possessing different 
chromosome numbers. Such a condition is known in other species, 

such as Musa sapientium L. (Tischler, 1910, 1928). 

The count of n = 13 in A. Negundo has been made by three differ- 
ent workers, Darling (1909), Taylor (1920) and Sinoto (1929), al- 
though Mottier (1914) found n = 12 or 14. 

The chromosomes in Acer are quite small in size. In shape they 
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have been described as “elongated” (Mottier, 1914), “ovoid” (Taylor, 
1920), and “irregularly polygonal” by Sinoto (1929) who denies the 
accuracy of the first two descriptions. All three characterizations, as 
a matter of fact, are correct, as can be seen from the accompanying fig- 
ures. Elongated chromosomes are clearly shown in Fig. 6, and both 
ovoid and irregularly polygonal types in Figs. 2, 3, and 5. The appar- 
ent shape undoubtedly varies with the angle at which the mitotic figure 
is oriented with regard to the observer. 

All the forms studied showed complete formation of bivalents. Even 
in polyploids like A. rubrum, no univalent or multivalent formations 
were seen. Meurman (1933) found a similar completeness of pairing 
in A: platanoides, as did Sinoto (1929) in A. Negundo. This situation 
is probably due to the fact that with a low chiasma frequency, there 
is little chance for the formation of multivalents. At metaphase I in 
the octoploids A. rubrum most of the bivalents have one chiasma and 
are in the form of rods; there are few if any rings. Meurman (loc. 
cit. Figs. 13 and 17) shows this to be true of A. platanoides, and the 
accompanying Figs. 1 and 7 of 1st metaphases, show this is the case in 
A. Miyabei, and A. pseudoplatanus var. erythrocarpum. From this it 
is apparent that the chiasma frequency is probably 1, although the 
occasional presence of a ring would raise it slightly above 1. 

As a result of the regularly-formed bivalents, the chromosomes can 
be distributed regularly to the poles, even in polyploids like A. rubrum. 

The phenomenon of secondary pairing noted by Meurman (1933) in 
A. platanoides is present in the species included in the present study. 
It is especially well shown in Figs. 6 and 8. Meurman (loc. cit. pp. 
160 and 162) also found that 2 large pairs of bivalents showed sec- 
ondary pairing at both the 1st and 2nd metaphases, but found no such 
pairing between other bivalents. 

It was not found practicable to include a study of somatic chromo- 
somes, but both Taylor (1920) and Meurman (1933) have published 
some details on this point. Taylor noted that the longest somatic 
chromosome studied was about 3 microns long, and the smallest, 1 
micron long, with diameters of from 1/3 to 2/3 tmicrons. Meurman 
found in the somatic chromosomes of A. platanoides lengths from 
0.8—22 microns. Both writers, too, note the existence of regions of 
doubling of chromosome numbers in the root tips. 

Pollen sterility counts were made on 53 species and varieties. Most 
of them showed a high percentage of good pollen. The species and 
varieties showing more than 80% good pollen were as follows: A. 
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platanoides L. and its varieties cucullatum Nichols, Schwedleri K. Koch, 
Stollii Spaeth, dilaceratum Dieck, palmatifidum Tausch, columnare 
Carr., nanum Nichols., A. Miyabes Maxim., A. truncatum Bge., A. pic- 
tum Thunb., A. campestre L., and its varieties compactum Schwerin and 
postelense Lauche, A. saccharum Marsh., A. grandidentatum Nutt., A. 
pseudoplatanus L. and its variety erythrocarpum Carr., A. Heldreichii 
Orph. var. macropterum Vis., A. Trautvetteri Medwed., A. ginnala 
Maxim. and its var. aidzuense Franch., A. tataricum L., A. palmatum 
Thunb. and its varieties atropurpureum Nichols., sanguineum Lem., 
septemlobum K. Koch, intermedium Schwerin, elegans Koidz., Hessei 
Schwer., sinuatum Schwer. and laciniatum Schwer., A. Sieboldianum 
Migq., A. pseudo-Sieboldianum Komar. and its variety ambiguum Nakai, 
A. pennsylvanicum L., A. rufinerve Sieb. & Zucc., A. Tschonoskii 
Maxim., A. argutum Maxim., A. rubrum L. and its variety glaucum 
Marsh., A. griseum Pax and A. Negundo L. and its varieties pruinosum 
Schwer. and texanum Pax. 

Certain species display a high’percentage of poor pollen, as follows: 


A. Mayrii Schwerin 50% bad 
A. zoeschense Pax 50 ei 
A. spicatum Lam. 5570 
A. circatum Pursh 50 Fe! tee 
A. tegmentosum Maxim. 100. Fea % 
A. barbinerve Maxim. 90 Yavin 
A, Negundo L.., var. interius Sarg. 25% “ 
A. Negundo, var. nanum Dieck. 50 apie 


Such high percentages of pollen sterility, as contrasted with the lower 
figures for the others studied, indicate a possible hybrid origin of these 
_ species or structural hybridity. In the case of one species, A. 
zoeschense, Rehder (1926) indicates that it may be a hybrid between 
A. campestre L. and A. Lobelit Ten. 

Little data on hybridization appear available. Rehder lists about 
15 species hybrids, but they are usually between species in the same 
subgroup or in closely related subgroups. The widest cross noted was 
that between A. opalus Mill., var. obtusatum Henry in the Campestria, 
and A. pennsylvanicum L. in the group Macrantha. 

Information on grafting supplied by William H. Judd of the Arnold 
Arboretum, indicates that A. griseum Pax and A. parviflorum Franch. & 
Sav. have not been used successfully in grafting with other species. 
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Ordinarily, too, a species can be used as stock or scion only with 
species closely related to it. Mr. Judd has found this to be particu- 
larly true of A. platanoides. 

Chromosome conditions in Staphylea present a close parallel with 
those in Acer. The basic number is 13, but a tetraploid, S. colchica, 
n = 26, and a hexaploid, S. trifolia, n = 39, are found. In S. pinnata 
Winge (1917) found n = 12, but noted n = 13 in one cell. Mottier 
(1914) found n = +36 in S. trifolia. Although the chromosomes are 
much larger than those of Acer it is difficult to determine their shape 
from polar views of meiotic metaphases. Like Acer, too, they appear 
to have a low chiasma frequency, and separation is quite regular. The 
secondary pairing is clearly shown in Figs. 10 & 11. As in Acer, this 
secondary pairing is between 2 bivalent chromosomes, and often makes 
an accurate count quite difficult. 

The data thus presented show that in two genera belonging to dif- 
ferent families there are identical basic chromosome numbers together 
with a similarity in polyploid series, secondary pairing, and low chiasma 
frequencies. 

In Acer there is found a great differentiation of species in a highly 
polymorphic genus. Yet this process of species differentiation has taken 
place with no change in the basic chromosome number of the genus. 
Although only 1/6 of the known species of Acer have been studied, 
their distribution throughout the subgroups of the genus is sufficiently 
wide to make this statement reasonable. What is true of a genus is 
apparently true also of families. Despite a clear relationship, the 
Staphyleaceae are admittedly different from the Aceraceae morphologi- 
cally, but the type genus, Staphylea, shows the same chromosome set- 
up and the same general behavior, even to secondary pairing, which is 
found in Acer. It is true that there are differences in chromosome size 
between the two genera, but this is probably of no great significance. 
Such differences in chromosome size often exist between species within 
a genus or between varieties of the same species. Considered with other 
similarities, the common chromosome number and™ behavior may well 
indicate a common origin for these two closely related genera. 


SUMMARY 


1. Chromosome counts were made on the meiotic stages of thirteen 
species and varieties of Acer and four species of Staphylea. Thirteen 
was found to be the basic haploid number in each genus. 
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2. These counts, with those given by other workers show that most 
of the species are diploids. A polyploid series, however, is found in 
each genus. 

3. The chromosomes of Acer are small, have a low chiasma fre- 
quency, behave regularly since no univalents or multivalents are pres- 
ent, and exhibit secondary pairing. 

4. The chromosomes of Staphylea are larger than those of Acer, but 
show the same low chiasma frequency, regularity of behavior, and 
second pairing. 

5. Pollen sterility counts were made on 53 species and varieties of 
Acer. Forty-five showed more than 80% good pollen. The remaining 
eight showed from 25-100% sterility. 


6. Evidence from hybridization and grafting is briefly considered. 


7. It is concluded that the cytological details afford evidence of a 
common origin for the Aceraceae and Staphyleaceae. 


I wish to express my thanks to Dr. Karl Sax for his assistance in 
preparing material and drawings, especially those of Staphylea, and for 
his criticism of the manuscript, and to Dr. Haig Dermen who made all 
the pollen sterility counts. 
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EXPLANATION OF PLATE 81 


The figures in the plate were drawn from aceto-carmine preparations 
of meiotic stages. The drawings were made with the aid of a camera 
lucida. Magnification 1800, except Figure 8 which is about 2450. 


Fig. 1. Acer Miyabei; 1st metaphase, side view. 
Fig. 2. Acer circinatum; 2nd telophase. 

Fig. 3. Acer pseudo-sieboldianum; late diakinesis. 
Fig. 4. Acer Tschonoskii; 1st metaphase, end view. 
Fig. 5. Acer griseum,; diakinesis. 

Fig. 6. Acer Negundo interius; diakinesis. 

Fig. 7. Acer pseudoplatanus erythrocarpum; 1st metaphase, side view. 
Fig. 8. Acer rubrum; 1st metaphase, end view. 

Fig. 9. Staphylea pinnata; 1st metaphase, end view. 
Fig. 10. Staphylea colchica; 1st telophase. 

Fig. 11. Staphylea trifolia; 1st metaphase, end view. 


CytToLocicaL LagoraTory, ARNOLD ARBORETUM, 
Harvarp UNIVERSITY. 
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STUDIES ON THE “PRECIPITIN REACTION” IN PLANTS 
V. APPLICATION-TO PLANT RELATIONSHIPS 


K. S. Cuester, E. C. Appt, anp P. A. VESTAL 


IN AN EARLIER PAPER of this series (2) the senior writer applied the 
“normal precipitin reaction,” better designated by Foster and Avery 
(5) as the “precipitation reaction,” to representatives of a number of 
families of plants for the purpose of determining whether or not the 
method is applicable in the study of plant relationships. In most of 
the material tested at that time there was an abundance of positive 
reactions, and these tended in general to harmonize with the findings 
of empirical taxonomy, although a uniformity of negative reactions in 
some groups limited the procedure to certain families in which well 
marked positive reactions were obtained. In 1933 Foster and Avery 
(5) applied a similar technique to the genus Jris with results which 
were satisfying and entirely consistent with those reported in the pres- 
ent series of studies. The purposes of the present paper are to provide 
additional data on the occurrence of the precipitation reaction to those 
already recorded, and then from a consideration of all data thus far 
obtained to analyze the significance of the precipitation reaction in a 
study of plant relationships with particular reference to the limitations 
and essential meaning of the reaction. The new groups tested in the 
present study are the “Amentiferae” and the Guttiferae. The follow- 
ing scheme gives the results of all precipitation tests thus far obtained 
including the results of the present study. 


Tests of Some posi- Entirely 


genera tive tests negative 
Family: Genera: inter se: obtained with: tests with: Reference: 
Tridaceae Tris 301 Numerous Solanaceae? Saxifragaceae Foster & Av- 
positive (CaC,0,) ery (5); 
reactions Oleaceae Table IV.3 


correlated  Caprifoliaceae 

with system- Rosaceae 

atic position. “Amentiferae” 
Guttiferae 


1The number refers to the number of species employed in the tests. 

2Signifies that the only reactions observed were determined as due to calcium 
oxalate. 

3Refers to tables in the present paper. 
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Tests of Some posi- Entirely 
genera tive tests negative 
Family: Genera: inter se: obtained with: tests with: Reference: 
“Amentiferae” Uniformly Solanaceae Rosaceae Tables I, 
Salicaceae: Salix 1 negative Oleaceae Saxifragaceae III, IV 
Myricaceae: Myrica 1 Tridaceae Guttiferae 
Leitneriaceae: Liitneria 1 Caprifoliaceae 
Juglandaceae: Carya 1 (CaC,0 io 
Betulacaeae: Alnus 15 
Betula 16 
Carpinus 6 
Corylus 8 
Ostryopsis 1 
Ostrya 2 
Fagaceae: Quercus 1 
Saxifragaceae: Philadelphus 1 As in Solanaceae Tridaceae Chester (2); 
Fendlera 1 Tridaceae Rosaceae “Amentiferae” table IV 
Schizophrag- Platanaceae  Guttiferae 
ma 1 Leguminosae 
Hydrangea 1 Oleaceae 
Jamesia 1 (CaCO A 
Deutzia 1 Caprifoliaceae 
Itea 1 (CaC,0,) 
Ribes 1 
Platanaceae: Platanus 1 Solanaceae Leguminosae Chester (2) 
Rosaceae 
Saxifragaceae 
Oleaceae 
(CaC,0,) 
Caprifoliaceae 
(CaC,0,) 
Rosaceae: 
Spiroideae: Spiraea 1 Rosoideae Pomoideae Chester (2) 
Prunoideae Platanaceae 
Leguminosae 
Saxifragaceae 
Pomoideae: Cotoneaster 1 Generally Iridaceae Platanaceae Chester (2); 
Stranvaesia 1 negative Solanaceae Leguminosae table IV 
Chaenomeles 1 Rosoideae Caprifoliaceae 
Amelanchier 1 Prunoideae “Amentiferae” 
Pyracantha 1 Saxifragaceae Guttiferae 
Mespilus 1 Oleaceae 
Crataegus 1 (CaC,0,) 
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Some posi- Entirely 
tive tests negative 
Family: Genera: obtained with: tests with: Reference: 
Pomoideae: Sorbus 1 
(continued) Aronia 1 
~ Photinia 1 
Malus 3 
Pyrus 1 
Prunoideae: Prunus 15 Saxifragaceae Iridaceae Chester (2); 
Osmaronia 1 Leguminosae “Amentiferae” table IV 
Prinsepia 1 Pomoideae Guttiferae 
Maddenia 1 Platanaceae 
Solanaceae 
Oleaceae 
(CaC,0,) 
Caprifoliaceae 
(CaC,0,) 
Leguminosae: Robinia 1 Solanaceae Platanaceae Chester (2) 
Rosaceae 
Saxifragaceae 
Oleaceae 
(CaC,0,) 
Caprifoliaceae 
(CaC,0,) 
Guttiferae: Hypericum 10 Uniformly Saxifragaceae “Amentiferae” Tables II, 
Solanaceae III, IV 
Oleaceae 
Tridaceae 
Caprifoliaceae. 
(CaC,0,) 
Rosaceae 
Oleaceae: Syringa 2 Solanaceae Chester (1); 
Ligustrum 8 Tridaceae table IV 
Fraxinus 1 “Amentiferae” 
Chionanthus 1 Guttiferae 
Forsythia 1 Rosaceae 
(CaC,0,) 
Saxifragaceae 
(CaC,0,) 
Caprifoliaceae 
(CaC,0,) 
Platanaceae 
(CaC,0,) 
Leguminosae 


(CaC,0,) 
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Tests of Some posi- Entirely 
genera tive tests negative 
Family: Genera: inter se: obtained with: tests with: Reference: 
Solanaceae: Lycopersicum1 As in Oleaceae Kostoff (6); 
Salpiglossis 1 Iridaceae  Iridaceae Chester & 
Cyphomandra1 (CaC,O ye) Whitaker 
Browallia 1 Rosaceae (3); table 
Nicotiana 19 Saxifragaceae IV 
Capsicum 2 Caprifoliaceae 
Solanum 5 Platanaceae 
Physalis 1 Leguminosae 
Petunia 1 “Amentiferae” 
Lycium 1 Guttiferae 
Datura 4 
Atropa 1 
Caprifoliaceae: Kolkwitzia 1 Uniformly Solanaceae -Chester (2); 
Symphori- negative Tridaceae table IV 
carpus 1 Rosaceae 
Diervilla 1 Guttiferae 
Viburnum 1 Oleaceae 
Linnaea 1 (CaC,0,) 
Sambucus 1 Saxifragaceae 
Dipelta 1 (CaC,0,) 
Abelia 1 Platanaceae 
Lonicera 2 (CaC,0,) 
Leguminosae 
(CaC,0,) 
“Amentiferae” 
(CaC,0,) 


Thus up to the present fifteen families and approximately two hun- 


dred species of plants have been tested more or less extensively with 
regard to the precipitation reaction. Of these fifteen families, four 
(Solanaceae, Iridaceae, Saxifragaceae and Rosaceae-Prunoideae) have 
yielded among themselves significant positive results from the taxo- 
nomic standpoint. In five of the other eleven groups (Oleaceae, 
Rosaceae-Pomoideae, Caprifoliaceae, Guttiferae, “Amentiferae’’) fairly 
extensive tests within the groups have yielded wholly negative results, 
while in the remaining seven families the results thus far obtained are 
madequate for sound conclusions because the number of species tested 
is too limited. 

The present paper reports the results obtained in tests of the pre- 
cipitation reactions of forty-five species of Betulaceae, one species each 
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of five other families of “Amentiferae,” ten species of Hypericum (Gut- 


tiferae), and two spec 


ch of the Iridaceae, Solanaceae, Oleaceae, 


1€S ea 


Rosaceae, Caprifoliaceae, and Saxifragaceae. The technique employed 


PRECIPITATION REACTIONS IN THE 


TABLE I. 


BETULACEAE 


“t”...trace; “l”...weak reaction; “2”...moderate reaction; “3”... 


strong reaction; “O”... no reaction. 


herbarium material. 


Experiments performed with dried 
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sed for material, and these tests were later confirmed by repet 
tion of many of them using fresh leaves of the same plants. The tests 


In testing the majority of the Betulaceae dried herbarium specimens 
were u: 


was essentially as described in the earlier papers of this series (1, 2). 


Ce ee 
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of the other “Amentiferae” and other families mentioned above were 
performed with freshly collected leaves. The dried leaves were ex- 
tracted for a few hours in ten times their weight of distilled water, and 


TABLE II. PRECIPITATION REACTIONS IN HYPERICUM 
(GUTTIFERAE) 
“4 trace; “+”...weak reaction; “t+”... moderate reaction; 
“+++”. ..strong reaction; “O”...no reaction. Experiments performed 
with fresh material. 


8 o 

2 3 

e a 3 % 

4 a 2 E| a 8 map le he ee 

a o i > ® s =| bal 3 
a A | a u Me co] 
S ee neat ARO 

wa wt °o 

B43 PP Brice ent ak ted tac 

& & § A aa Aaa Bg 

rHhnhmmm hm me mm & © 
Hypericum 0 0 Oe OF" *O Oo Oo o Oo 0 Ose .¢) 
Ascyron #1. 
H.galioides oO oO 0 oO Oo Oo Oo 0 Oo O Oo t 10) 
H.mreun Ove Ua. O- 20s 0 205 0 gOe OO. +O (0 “ote-0 
Hearmoldamom 0 0 0 00000000 Ft 0 
Pekeisliemme Ol sO, O 60, 0 .-O, 0 .0,°0 .0 On. + ...0 
HemucaseorumsrOr. 0) 0 70-0" 0° OO OFF70, oO FO 
HeLouocarrm. O10.) 0.0. 0 40,. 0 .0. O 0 .:0,. ,oa,..0 
H. Buckleyi On Oe Os th Oe, OleO 7 OO. FOr oO" 0, 0 
H.boreale Omens ONO” MONO ms OMe Ol Om 101/46’ 0 
Hepertoracum sO. 0, 0...0 90,0 0 0 O*-0 ~ Oe 0 
Heasayroneres 01 OF OO 0 OM FOre O90" Ov On veryO 


the fresh leaves in three to four times their weight of distilled water. 
The results of these tests are given in Tables I, II, III, and IV below. 
As is indicated in Table I an experiment involving forty-five species 
of the Betulaceae showed no positive results. These species represent 
every section of every genus of the family as recognized by Winkler (8) 
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with the exception of the section Cremastogyne in Alnus. In every case 
the material used was authenticated by herbarium specimens from 
which dried leaves were obtained for the tests. Through the kindness 
of Mr. Rehder of the Arnold Arboretum the determinations of these 


TABLE III. PRECIPITATION REACTIONS IN THE 


“AMENTIFERAE” 
Notations as in Table II. Experiments performed with fresh material. 
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specimens were checked and the specific names are cited in accordance 
with his treatment of the family in his “Manual of Cultivated Trees 
and Shrubs” (7). 

In view of the discrepancy observed in Jris by Foster and Avery (5) 
between the results obtained with fresh as contrasted with dried leaves, 
it was thought advisable to check the observations presented in Table I 
using fresh leaves from certain of the same plants involved in the tests 
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previously made. Opportunity was also taken to introduce one species 
each of the following families: Fagaceae, Leitneriaceae, Salicaceae, 
Juglandaceae, and Myricaceae. These other families of the ““Amenti- 
ferae” were introduced in the hope that, should differences of reactivity 
within the group occur, some light might be shed on the vexing ques- 
tion of relationships between these families. A member of the Gutti- 
ferae was employed as a check on possible wider relationships. Again 
the observations (Table III) show absence of reactivity between the 
leaf tissue extracts. 

To determine what reactive substances occur in the Betulaceae, in 
the Leitneriaceae, and in Hypericum of the Guttiferae, the concept of 
“test plant” of a “known” constitution was introduced. Fresh material 
of the species with the label-names indicated in Table IV was collected 
in the Arnold Arboretum and these were tested against each other. 
The results indicate a similar reactivity in Betula populifolia, Diervilla 
florida, and Malus Arnoldiana, since these show positive reactions only 
with Iris chrysophoenicia, Nicotiana alata, and Lycopersicum escu- 
lentum, and all contain an excess of calcium ion. This suggests the 
presence of but one principle of a reactive pair, probably “A” (3), since 
the Nicotiana alata and Lycopersicum esculentum have been shown in 
an earlier paper (3, p. 186, fig. Iv) to contain an excess of the com- 
plement ‘“‘B.” The possibility of this being the “MN” reaction (1. c.) 
is eliminated because of the negative reactions with Ligustrum obtusi- 
folium which is known from the earlier work to be ‘““N-+-.” 

An interesting situation exists in the case of Leitneria where but one 
odd reaction occurred, namely with Syringa velutina, suggestive of a 
fifth reactive pair. Further investigation is needed here. 

An analysis of the results presented in Tables I and III yields little 
of value in the light of these conclusions, beyond the fact that oppos- 
ing members of reactive pairs are absent. One of these is probably ‘““B” 
and another the counterpart of the unknown existing in Leitneria. 
This striking absence of reactivity within the Betulaceae might well 
be construed in confirmation of preexisting morphological evidence indi- 
cating close relationship between the members of the family. But in 
considering the “Amentiferae” with their similar negative reactions, it 
should be kept in mind that widely varying treatments of the relation- 
ships between the families composing this group exist. Our evidence,. 
in the light of the hypothesis expressed in an earlier paper (2) and 
later accepted by Foster and Avery (5), i. e. that negative results indi- 
cate very close or very distant relationship, helps not at all in clarify- 
ing the inter-relationships of the “Amentiferae.” 


402 JOURNAL OF THE ARNOLD ARBORETUM [VoL. XIV 


The genus Hypericum as represented here includes ten species of five 
different sections as recognized by R. Keller in Engler and Prantl (4). 
The species vary from the small herbaceous H. boreale (Britton) Bick- 
nell, the larger herbaceous H. perforatum L. and H. Ascyron L., 
through the shrubby forms to the dwarf mountain shrub H. Buckleyi 
M. A. Curtis. The list includes one known hybrid H. Arnoldianum 
Rehder with both parents (H. galioides and H. lobocarpum) (7). All 
the species used were collected in the Arnold Arboretum and authenti- 
cated by the junior author. 

The precipitation reactions in Hypericum show consistent negative 
results as may be seen in Table II. From this one may conclude that 
the genus is homogeneous regarding reactive substances or that they 
are absent. In Table III one species of Hypericum tested against the 
“Amentiferae” shows no positive reactions. This affords no clue to the 
situation. However, when tested against other representative families 
(Table IV) it will be seen that the species is highly reactive. Unfor- 
tunately a wide enough variety of “known” plants was not used in the 
present study to make a complete analysis possible. It will be seen 
(Table IV) that good positive reactions were obtained with Iris chryso- 
phoenicia and with the solanaceous representatives, Nicotiana alata 
and Lycopersicum esculentum. Since these species did not react against 
each other but reacted consistently against other forms, one may con- 
clude the reaction to be of similar quality and doubtless due to the 
presence of the same reactive substances. The reactions with the olea- 
ceous members, Syringa velutina and Ligustrum obtusifolium, must be 
due to a second set of reactive principles, since the Oleaceae also re- 
acted with the Solanaceae. In the same manner the positive reaction 
with Lonicera Myrtillus probably represents a third set of characters. 
The trace shown with Philadelphus grandiflorus is of doubtful char- 
acter since this species did not react with any other plant, thus giving 
no indication of the reactive substances involved. 

From the evidence presented one is justified in concluding the pres- 
ence of three reactive principles in Hypericum; whether these fall into 
the categories of the reactive substances designated in an earlier paper 
(2) as “AB,” “MN,” and “XY” is not known. Although we cannot 
be sure that the same principles occur in all species of Hypericum, at 
least the species tested do not show the presence of any of the opposing 
characters. The known reaction, calcium-oxalate, is of no significance 
in indicating degree of relationship in this genus as is shown by the 
harmony of negative results obtained when tested against calcium 
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chloride. Thus it would seem that in the genus Hypericum the precipi- 
tation technique would be of little value in determining relationships 
within the group. 


TABLE IV. PRECIPITATION REACTIONS IN REPRESENTA- 
TIVES OF ALL THE FAMILIES THUS FAR INTENSIVELY 
STUDIED WITH REGARD TO THE PRECIPITATION 
REACTION 

Notations as in Table II. Experiments performed with fresh material. 


Extracts containing an excess of oxalate neutralized with calcium chloride 
and re-filtered before testing. 
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We are now in-a position to resolve more satisfactorily the question 
of the taxonomic significance of the precipitation reaction in plants. 
Within certain of the limited plant groups tested (families, subfamilies, 
and genera) there have been obtained numerous positive reactions. 
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These positive reactions show a marked correlation with the taxonomic 
positions of the plants involved (2,3, 5). Within others of the limited 
groups tested (Caprifoliaceae, Oleaceae, “‘Amentiferae,”’ Guttiferae) 
entirely negative results have been obtained. In at least three of these 
(Oleaceae, Betulaceae, and Guttiferae) the genera and species tested 
are usually considered rather closely related to one another and the 
negative findings may well be of significance indicative of this close 
relationship. In such groups as the Caprifoliaceae, which while rather 
heterogeneous still display uniformly negative reactions, one may only 
conclude that chemical differences demonstrated by the precipitation 
technique are not necessarily associated with gross morphological differ- 
ences, since any category of characters used for classification may vary 
independently of any other, a conclusion consistent with the findings 
whenever any two techniques (e. g. morphology, cytology, anatomy, 
genetics, etc.) are used in a taxonomic study of a given group of plants. 

As regards systematics on a larger scale, that is, phylogeny of the 
angiosperms taken as a whole, the precipitation technique is appar- 
ently not applicable in a differentiation of widely separated groups. 
This is evident when one considers Table IV which gives the results of 
inter-family tests of nine widely separated families of plants. Here 
no useful correlation of precipitation reaction with systematic position 
is to be seen. The reason for this is quite apparent when one considers 
the nature of the precipitation reaction. 

The thousands of positive reactions which have been observed in 
fifteen families of plants do not represent thousands of specific reac- 
tions but rather represent a relatively small number of analyzable 
reactions, one of which has been chemically determined and three of 
which have to some extent been characterized. Two or three pairs of 
reactive substances suffice to account for all of the inter-family reactions 
of Table IV; four pairs of reactive substances accounted for all of the 
reactions of paper III of this series (Solanaceae et al.). The substances 
responsible for any given reaction seem to be rather widely distributed 
throughout the angiosperms. Thus (Table IV) the substance in the 
Solanaceae which reacts with oleaceous extracts is likewise present in 
Iris, and the oleaceous complement also in Malus and.the Caprifolia- 
ceae. This fact does not detract from the value of the precipitation 
reaction when confined to limited groups of plants (families, subfam- 
ilies, genera). Within such limited groups it has been found that 
morphologically similar species tend to carry similar complements of: 
precipitating substances (2, 3, 5). 


Yee a - 
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The value of the technique within families of the higher plants when 
used to determine similarity or difference as far as the three or more 
unknown and one known pairs of variables are concerned, is to be 
evaluated as in the case of any other category of evidence with a simi- 
lar number of variables. If all four or more pairs of variables are 
present in a given family the technique is correspondingly significant. 
If the number of variables is less, the value of the technique is accord- 
ingly reduced, until we reach a condition such as exists in the Betula- 
ceae and apparently the “Amentiferae” as a whole where the precipita- 
tion technique indicates no difference between the species tested. 

It is obvious from an examination of the experimental data thus far 
obtained that the method in its present form with only a relatively few 
pairs of variables provides hardly enough combinations of characters 
to be of significant aid in determining the extent of relationship between 
widely separated families. Thus we must guard against a possible mis- 
interpretation of the statement made earlier in this series of papers (2) 
and later confirmed by Foster and Avery (5) that absence of reaction 
indicates very close or very distant relationship, while a positive re- 
action indicates an intermediate degree of relationship. Clearly this 
concept cannot be applied to groups too diverse morphologically—its 
use must be restricted to plants closely related as determined by other 
means. Within such groups it should be kept in mind that the applica- 
bility of the method is determined by the number of distinct reactive 
pairs of substances. The greater the number of these the greater the 
number of categories into which the plants being investigated can be 
placed. 

In pointing out this limitation of the applicability of the precipitation 
reaction in plant systematics let us compare it with the use of chromo- 
some number in taxonomy. Within limited groups of plants chromo- 
some number may aid in classifying species; the fact that the same 
chromosome number may be found in very distantly related plant 
groups does not detract from the use of chromosome number in plant 
classification. The same is true of the precipitation reaction; its appli- 
cability in closely related groups of plants is not to be belittled by the 
fact that the same reactive substance may occur in very distantly 
related plant families. 

The work done up to the present on the precipitation reaction in 
plants marks only a groping beginning toward a phase of plant sys- 
tematics which will doubtless develop more widely in years to come, © 
namely, the use of chemical properties in the study of plant relation- 
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ships. In testing plants by the precipitation technique one is actually 
testing related groups of species against arbitrary and fortuitously 
selected “test extracts.” Since there is apparently only a very limited 
number of types of precipitation reaction present in plants, one would 
actually gain in time and efficiency if he were to select a few “test 
species” containing various known reactive complements, and use these 
as standards against which to test all species of selected limited groups. 
That this “test species” concept has its limitations is shown by a com- 
parison of the reactivity observed in Table IV with that reported by 
Foster and Avery and in previous papers of this series. The reaction 
indicated between Iris chrysophoenicia and I. pseudacorus is strictly 
negative according to our results but (-+- ++) according to Foster and 
Avery. Similar discrepancies exist in the behavior of Solanum lyco- 
persicum and Nicotiana alata which in work earlier reported (3) were 
negative to oleaceous forms but were found (Table IV) in this series 
of experiments to be positive. It would seem that in order to define 
the constitution of an unknown plant according to the suggestion made 
in paper III of his series (p. 185), it is necessary in every new series 
of experiments to redetermine critically the constitution of “test 
extracts.” 

To go one step further, would it not be more satisfactory to submit 
the few reactions found to detailed biochemical analysis in order 
eventually to substitute for the ‘test species” simple chemical solutions 
of known composition, containing only the active ingredients of the 
“test extracts”? The senior writer has already done this with respect 
to one, namely the calcium oxalate reaction. A relatively small number 
of such solutions would enormously simplify the precipitation tech-. 
nique and would give results far more accurate and explainable than 
those thus far obtained. The inquiring botanist at this point must 
turn to the skilled biochemist for aid in resolving this problem. It is 
essential now that the precise nature of the precipitation reactions in 
plants be made the subject of investigations by someone adequately 
trained in analytical organic chemistry; the results of his research 
could not fail to be of value in advancing our knowledge of this phase 
of plant systematics. 
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THE ARNOLD ARBORETUM DURING THE FISCAL YEAR 
ENDED JUNE 30, 1933 


THE YEAR 1932-33 proved favorable to the growth of all collections 
in the arboretum and fruticetum. Late in February a heavy snow-fall 
caused considerable damage to Junipers, Spruces and small deciduous 
trees. 

Four hundred forty-two plants were added to the collections; these 
were taken from the Arborway nursery. 

Exchange of plants, cuttings, scions and seeds were continued and 
during the year 798 cuttings and scions, 2213 plants and 817 packets 
of seed were sent out. There were received from institutions in this 
country, Canada, Europe and Australia 1091 packets of seed, 1556 
plants and 158 cuttings and scions. 

Eleven hundred and thirty visitors registered at the Administration 
Building. Thirty-seven states in the Union were represented and also 
British Columbia, Nova Scotia, France, Switzerland, Holland, Germany, 
England, Ireland, China, Japan, Philippine Islands and Australia— 
Lo WiSi 


Pathological Laboratory.—The Arboretum’s research laboratory 
in Plant Pathology submits its report for 1932-3, making reference to 
certain new diseases, extension services and investigative activities. 

One of the important functions of the pathologist’s office is to advise 
of diseases that loom on the horizon, that is, of potentially devastating 
diseases which once established would entail heavy losses and constant 
warfare. An example of what the Arboretum has done in this connec- 
tion is afforded by the warnings broadcast and the testing of effective 
control measures against the beech bark disease, a scourge that has 
within the last decade destroyed a high percentage of the beech trees 
in the adjacent Maritime Provinces and now is advancing into Maine. 
The predisposing factor of the disease, a bark-infesting insect similar 
to the woolly aphis, was discovered about four years ago by Mr. John 
Ehrlich of this laboratory to be sporadically distributed throughout 
metropolitan Boston. Subsequently, it was located elsewhere in east- 
ern Massachusetts by other observers. Through the united efforts of 
the Arboretum and the Park Department it has been largely eradicated 
within the Boston area. 
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Two other diseases now demand notice, one an affection of Firs 
known as the “Gout disease,” the other of Elms, the so-called “Dutch 
elm disease.” The former was pointed out to me in Nova Scotia in 
1929 by the Provincial Forester, Mr. Otto Schierbeck. Quoting from 
the Journal of the Arboretum, XI: 57. 1930 (Faull, J. H.: Notes on 
Forest Diseases in Nova Scotia)—‘“Standing out as perhaps most 
interesting of all is a widespread condition of Balsam Fir, involving 
practically all of the trees of entire stands, what I would designate for 
want of a better term as ‘Gout.’ The trees are stunted, the trunks 
taper rapidly and never reach normal height, the joints are very much 
swollen and the twigs in general are thickened and tend to be deflexed.” 
To this might now be added that many trees are soon killed outright 
and others are grossly mis-shapen. At that time the etiology was not 
known, nor was it certain that a contagium was responsible. Through 
the researches of Mr. R. E. Balch of the Dominion Entomological 
Branch it has recently been determined that the cause is a bark insect 
of the woolly aphis type. In a recent eastern trip I observed that 
spread has been rapid and destruction extensive. It is found at present 
as far south as Brunswick, Maine. I am informed by Mr. H. B. Peir- 
son, Entomologist for the State of Maine, that control is entirely prac- 
tical in ornamentals by use of a contact insecticide. It is known to 
attack Abies balsamea, A. arizonica, A. Fraseri, A. nobilis, A. glauca, 
A, sibirica and certain other Firs. 

Dutch elm disease is an even more serious malady because among 
the highly susceptible hosts is our much-beloved and widely-grown 
American Elm. From tests made in Holland on plants supplied by the 
Arboretum, Dr. C. Buisman has demonstrated that the American Elm 
is among the most vulnerable of the Elms. This disease is wide-spread 
throughout Europe and it has worked havoc there. Three years ago a 
few cases were discovered in Cleveland and one in Cincinnati; they 
were promptly extirpated. Report this year comes of an outbreak in 
New Jersey and southern New York which appears to be of much more 
serious proportions. The Arboretum is intensely interested in the prob- 
lems of this and other elm diseases and will participate so far as its 
resources permit in efforts towards their solution. 

The extension work of the laboratory, though more or less incidental 
to its main purpose, has continued to grow. A great many inquiries 
are received, and these are generally accompanied by specimens for 
diagnosis. To care for this phase of our work the necessity for ade- 
quate assistance in the laboratory, especially during the growing sea- 


410 JOURNAL OF THE ARNOLD ARBORETUM [voL. XIV 


son, is a matter of importance. While much of the material that comes 
in to us can be readily disposed of, frequently more or less critical 
material is received that requires extended attention. Particularly has 
this been the case this year because of uneasiness among so many of 
our correspondents regarding the possibility of the presence of the 
Dutch elm disease, the certain diagnosis of which involves rather 
tedious laboratory technique. Consultation is welcomed, partly because 
of service that may be rendered, but also because unusual problems 
through this medium are from time to time disclosed. 

The research undertakings of the laboratory have materially ad- 
vanced during the year, yielding results of scientific interest and of 
economic application. A summary follows. 

Professor J. H. Faull, continuing his studies on the rust fungi that 
attack conifers, has added to the literature a monograph on the 
hitherto little understood genus Malesia (Contributions from the Arnold 
Arboretum, No. II). These curious rusts, so far as has been deter- 
mined, alternate between Firs and ferns. The monograph rectifies the 
tangled nomenclature, outlines the geographical distribution of species 
of Milesia, the world over, describes thirty-thrée species and two vari- 
eties, delineates thirteen new species and varieties, and records for the 
first time the life histories of three species of the nine whose life cycles 
are now more or less completely known. 

Dr. K. S. Chester, on leave of absence in Europe on a Sheldon Fel- 
-lowship for nine months of the year, has continued to publish on his 
work on precipitation reactions—on a biochemical analysis of these 
reactions and on the question of acquired reactions due to grafting. 
Most of his time has been devoted to an aA ean pine of bacteriophage 
in relation to crown gall. 

-Dr-John Ehrlich has brought to a conclusion his immediate studies 
in America on the “beech bark disease” to which reference was made 
above. He now goes to Europe on a National Research Fellowship 
to study the problem at its original sources. 

Miss L. M. Hunter has advanced her studies on the spermogonia of 
coniferous rusts and will continue her problem in Europe during 1933-4 
supported by a traveling Fellowship. 

Mr. I. H. Crowell has completed two years of intensive investigation 
on the Gymnosporangium rust diseases of Juniperus and the various 
Pomaceae other than Hawthorns. This work has been jointly supported 
by Dr. and Mrs. Henry Lyman and the Arboretum. Mr. J. D. Mac- 
Lachlan is making parallel studies on Juniperus and the Hawthorns. 


—SSeemE~—S— 
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Mr. A. B. Hatch has devoted himself to a study of the mycorrhizae 
of Pines. He has made a notable contribution to the technique em- 
ployed in the investigation of the biology of these remarkable structures 
and has published the first adequate account of the mycorrhizae of the 
White Pine. His investigations are conducted jointly under the aus- 
pices of the Harvard Forest and the Arboretum and have been made 
possible through the liberal generosity of an anonymous benefactor. — 
iL hy, She 


Cytological Laboratory.—During the past year the cytological in- 
vestigations have covered a wide field, including considerable work on 
the mechanism of chromosome pairing and division, as well as the cyto- 
logical analysis of various families and genera from the standpoint of 
relationships and origins. An analysis of the mechanism of crossing 
over was presented before the International Genetics Congress and will 
appear in the Proceedings. 

The behavior of segmental interchange chromosomes in Tradescantia 
has been studied and the results published in Genetics. A detailed 
study of chromosome pairing in Larix was completed by Mrs. Sax and 
published in Genetics. Mr. O’Mara completed his work in chromo- 
some division in the pollen tube of Liliwm and it has been published in 
the Botanical Gazette. Dr. Dermen’s work on the origin and behavior 
of the nucleolus has been completed. A study of chromosome pairing 
in Paeonia has thrown some light on the mechanism of chromosome 
association. 

Cytological work in connection with species and generic relationships 
has been completed for Yucca and Agave, Ulmus, Cornus, Acer, Mag- 
nolia and a considerable number of conifers. Yucca and Agave seem 
to be more closely related than the taxonomic grouping would indicate, 
but Dr. Dermen’s work on Cornus, Mr. Foster’s work on Acer, the 
chromosome numbers found in Ulmus and Celtis, the results obtained 
in the conifers by Mrs. Sax, and Dr. Whitaker’s work on Magnolia and 
related genera all show a close correlation between chromosome char- 
acteristics and taxonomic grouping. Closely related-families often have 
similar chromosomes. In the conifers most genera are different in 
chromosome morphology, but species within each genus have similar 
genoms. 

The cytology of hybrids between Old and New World species have 
been studied in species hybrids of Larix, Platanus and Campsis. The 
Larix and Platanus hybrids are completely fertile and the Campsis 
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hybrid partially fertile, even though the original parental species in 
each case are morphologically distinct, and have been isolated from 
each other for very long periods of time. 

Breeding work has been continued with Roses, Lilies and conifers. 
Crosses have also been tried between different genera of Pomoideae, 
some of which seem to be successful. In general the breeding work has 
been confined to crosses between closely related species. — K. S. 


The Herbarium.—During the past fiscal year 16,377 mounted 
specimens have been added to the herbarium, bringing the total num- 
ber up to 374,880 specimens. Of these accessions approximately 3800 
came from the United States and Canada, 4000 from Central and 
South America inclusive of Mexico, 600 from Europe and western and 
central Asia, 1900 from eastern Asia, 1700 from southern Asia and 
Malaysia, 1200 from Africa, 2400 from Australasia and 400 were cul- 
tivated plants. 

Among the more important collections received during the year the 
following may be mentioned: 3400 specimens collected by J. and M. S. 
Clemens on Mount Kinabalu, Borneo; 1270 specimens from Lingnan 
University collected chiefly in Hainan and southeastern China; 1100 
specimens from H. H. Chung, Wuhan University, collected mostly in 
Fukien and Hupeh; 3350 South American specimens from the U. S. 
National Herbarium including a large number of Argentine plants col- 
lected by Venturi; also from the U. S. Herbarium 270 specimens col- 
lected by J. F. Rock in Yunnan and Burma; about 1000 numbers of 
Australian specimens collected by C. T. White, S. F. Kajewski and 
L. J. Brass; nearly 1000 numbers with about four sets of duplicates of 
plants from the Solomon Islands collected by L..J. Brass; 950 speci- 
mens of Kweichou plants from the University of Nanking; 900 speci- 
-mens comprising 18 fascicles of the Herbarium Florae Rossicae from 
the Botanical Institute in Leningrad; 600 Brazilian plants collected 
by B. A. Krukoff; 575 plants from Colombia collected by A. E. Law- 
rance; over 550 plants from Trinidad collected by W. E. Broadway, 
650 South African plants collected by F. A. Rogers; 1500 specimens 
chiefly from Indochina and Madagascar received from the Museum of 
Natural History at Paris; 195 specimens from Indochina collected by 
R. W. Squires. 

To the fruit collection 370 specimens were added bringing the 
number up to 7815. 

Additions of 451 specimens were made to the wood collection bring- 
ing the total up to 2816. 


———————— CU 
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The collection of negatives of types and other important herbarium 
specimens consists now of 2524 negatives; 667 having been added, 
mostly types of Chinese species taken by the Curator in European 
herbaria. 

Besides constantly using the herbarium in the determination of plants 
sent in for identification and also in the determination of large collec- 
tions chiefly from eastern Asia and North America members of the staff 
have engaged in special work; Mr. E. J. Palmer is continuing his studies 
in the genus Crataegus; Dr. I. M. Johnston has published extensive 
notes on the Boraginaceae of the western United States; Mr. A. Rehder 
is continuing the revision of the ligneous plants described by H. Lé- 
veillé from Eastern Asia and Mrs. Susan D. McKelvey her studies in 
the genus Yucca. Among the visitors who have worked in the her- 
barium may be mentioned Dr. Shun Ching Lee of the National Nor- 
mal University, Peiping, China, who has spent five months here in the 
preparation of a work on the forest trees of China, Dr. R. E. Wood- 
son, Jr., of the Missouri Botanic Garden studied Apocynaceae and Mr. 
E. H. Walker, of the National Herbarium, Washington, Chinese Myrsi- 
naceae; also Dr. L. H. Bailey of Ithaca, Dr. L. Diels, director of the 
Berlin Botanic Garden, Dr. S. F. Blake, Mr. W. W. Eggleston and Paul 
Russell of the Department of Agriculture, Washington, and Dr. A. 
Gundersen of the Brooklyn Botanic Garden consulted the herbarium. 

For study outside the Arboretum herbarium 586 specimens were lent 
to 18 institutions and individuals in this country, Europe and China. 

There have been distributed 14,536 specimens to 38 institutions in 
the United States, Canada, Europe, Asia, Africa and Australia. 

Botanical exploration by members of the staff or by expeditions 
partly or wholly financed by the Arnold Arboretum has been carried 
on in both Americas, Eastern Asia and Australasia. 

Dr. H. M. Raup and Mr. E. C. Abbe started in June 1932, as men- 
tioned already in the last report, on a tour of botanical exploration of 
the Peace River region in the Canadian provinces of Alberta and British 
Columbia with financial aid from the National Research Council along 
with the support of the National Museum of Canada; they returned 
toward the end of September, having collected about 6400 specimens 
representing 1200 numbers. An account of the flora of this region has 
been prepared by Dr. Raup and will be published as No. VI of the 
Contributions from the Arnold Arboretum. 

Professor J. G. Jack spent the time from the end of January to the 
beginning of April at the Atkins Institution of the Arnold Arboretum 
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at Soledad, Cuba, and collected in the neighborhood of Soledad and 
Cienfuegos about 600 numbers with many duplicates and with fruit 
and wood specimens. 

Dr. I. M. Johnston left for England in October under a fellowship of 
the Guggenheim Foundation, chiefly to continue his work on the 
Boraginaceae and to study type specimens and other material of South 
American plants at Kew and the British Museum. In February he 
went to the Continent and worked first in Berlin and later in Paris. 

Mr. Alfred Rehder spent the time from the end of June to the end 
of September in Europe for the purpose of examining and photograph- 
ing type specimens of plants of China and the adjoining regions. He 
took about 600 photographs of types and critical specimens in the 
herbaria at Kew, the British Museum, Berlin, Florence, Geneva and 
Paris. 

In China botanical expeditions of three institutions have had the 

financial support of the Arnold Arboretum. The southern province of 
Kwangsi, botanically as yet very little known, is being explored by an 
expedition from the University of Nanking under the direction of Dr. 
A. N. Steward. The Fan Memorial Institute of Biology at Peiping 
has, since spring 1932, an expedition collecting in the less well known 
parts of Yunnan; it also maintains an expedition in cooperation with 
the Academy of Science of Western China in Szechuan, which collected 
during 1932 about 2500 specimens and is in the field again this year 
under the direction of Dr. H. H. Hu. Lingnan University had under 
the direction of Dr. F. P. Metcalf during the second half of last year 
and the first half of this year an expedition in the field collecting in 
Hainan and Kwangtung which had up to the end of last year collected 
about 2125 numbers; another expedition started in January for 
Kwangsi and will remain there until July. 
_ In the Solomon Islands Mr. L. J. Brass, who had already collected 
for the Arnold Arboretum in New Guinea from 1925 to 1926, con- 
tinued the work of S. F. Kajewski and visited during the time from 
July 1932 to the beginning of January 1933 San Cristobal and Ysabel 
Island and also several smaller islands; he collected nearly 1000 num- 
bers with approximately four sets of duplicates. In February he 
joined the Archbold Expedition to New Guinea. 

In the summer of 1932 Dr. C. Regel, Director of the Botanic Garden 
at Kaunas, Lithuania, undertook a collecting tour to Asia Minor, partly 
financed by this Arboretum. Owing to the attitude of the Turkish 
authorities this trip was not very successful. 
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From April to the end of June 1932 Professor J. Bornmiiller of 
Weimar made a successful collecting tour to Tripoli, Sicily and south- 
ern Italy with financial help from the Arnold Arboretum. — A. R. 


The Library.—At the end of June 1933 the Library comprised 
40,919 bound volumes, 10,085 pamphlets and 16,898 photographs, a 
gain of 271 volumes, 200 pamphlets and 112 photographs during the 
year. The increase, due to conditions, was smaller than in previous 
years but, nevertheless, presents an interesting breadth of inclusion, 
and more time could be given to analyzing important articles from 
periodicals and other works, thus enriching the material easily available. 

Though few photographs have been added, the use of the collection 
has been extensive. Nearly 100 prints have been made and sold for 
nursery catalogues, post cards, publications, and collections institu- 
tional and private. Eleven photographs of Lilies were loaned to the 
Royal Horticultural Society of London for the Lily Conference. 
Eighty-eight prints of photographs taken in China by the late Dr. 
E. H. Wilson were made for Dr. Shun Ching Lee of Peiping, China, 
besides prints made for our own publications, and many photographs 
were used in lectures given by members of the staff. Eight colored 
slides reproduced from photographs in the collection have been added 
to the lantern slide collection and seven slides were made for the New 
York State College of Forestry. Slides used during the year number 
over 300. 

Cards filed during the year include 737 in the card catalogue of 
books in the Library, 119 in the catalogue of photographs, 4,598 in the 
“Card-index of New Genera, Species and Varieties published by the 
Gray Herbarium,” and 4,900 in the manuscript “Index of Illustrations 
and of New Genera, Species and Varieties of Ligneous Plants published 
since 1915,” prepared at the Arboretum, bringing the total number of 
the latter to 97,639. 

A very large amount of time has been spent in reading proof for the 
“Catalogue of the Library of the Arnold Arboretum of Harvard Uni- 
versity, Volume iii, Serial Publications—Authors and Titles, Supple- 
ment, 1917-1933,” which has now reached completion and is ready for 
distribution. It comprises 346 pages and approximately 17,300 entries 
arranged alphabetically, with numerous references. Nearly 900 slips 
have been filed for entries received too late for inclusion in the printed 
Catalogue and 300 slips for a supplement to the “Subject Catalogue,” 
which is now in preparation. 
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Volumes bound number 113, as against 570 of last year, and nearly 
100 smaller books and pamphlets were put into pamphlet binders. 

Clipping files and scrap-books, with references in the card catalogue, 
bring together and preserve much interesting and valuable material 
which would otherwise be lost. 

A large number of visitors have registered in the Library during the 
year. Dr. Shun Ching Lee of the National Normal University, Peiping, 
China, spent several months studying the forest trees of China. Pro- 
fessor L. H. Bailey and Miss Ethel Zoe Bailey, of Ithaca, New York, 
Mr. E. H. Walker, of the Smithsonian Institution, Dr. S. F. Blake and 
Mr. Paul Russell of the United States Department of Agriculture, Dr. 
R. E. Woodson, Jr., of the Missouri Botanical Garden, Dr. Conway 
Zirkle of the University of Pennsylvania, and Miss Elsie Jack of Hatzic, 
British Columbia, spent some time consulting the Library.. Among 
other visitors were Mr. Frederick A. Delano to whom the Library owes 
its fine collection, previously described, of Chinese paintings of fruits 
and flowers, Dr. David Fairchild of Cocoanut Grove, Florida, and Mr. 
and Mrs. Arthur B. Spingarn of Amenia, New York. 

The publications of the Arboretum, the “Journal of the Arnold 
Arboretum” and the “Arnold Arboretum Bulletin of Popular Informa- 
tion,” were issued regularly; of the “Contributions from the Arnold 
Arboretum of Harvard University’? numbers II-IV were published 
during the year. Of the approximately 400 periodicals that come to 
the Library from all parts of the world, nearly 250 were received in 
exchange for these publications. 

More than 50 new periodicals have been received during the year, a 
large number in exchange for our publications and for herbarium speci- 
mens, some by gift and a number by purchase. They include: 


AALSMEER—Vereeniging tot oprichting en instandhouding van den 
proeftuin. Jaarverslag. 1931. Aalsmeer. 1932. 

AMERICAN civic annual. Vol. i-iv. Washington. 1929-32. 

AMERICAN nurseryman. Vol. lvii, no. 2 — Rochester. 1933 — 

American orchid society bulletin. Vol. i, no. 1 — Washington. 
1932 => 

AMERICAN rose magazine. Vol. i, no. 1 — Harrisburg, Pa. 1933 — 

BoLetIn de pro-cultura regional, S. C. L. Tom. i, n. 1-24, 28-30. 
Mazatlan. 1929-32. 

BULLETIN of applied botany, of genetics and plant-breeding. Ser. A. 
Socialistic plant-industry. No. 1 — Leningrad, 1932 — 


—_ 
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BULLETIN of applied botany, of genetics and plant-breeding. Ser. ii. 
Genetics, plant-breeding and cytology. No. 1 — Leningrad. 
1932 > 

FIELD museum news. Vol. ii, no. 10, 12; iii, 1-3, 5-11; iv, 1 = 
Chicago. 1931 — 

Froraria. Vol. liv, no. 13 — Haarlem. 1933 > 

Forest log. Vol. i, no. 10-12; ii, 1; iii, 2 > Salem, Oregon. 1931 > 

ForTscuriTTeE der botanik. Bd. i, 1931. Berlin. 1932. 

GaRDEN lover. Vol. ix, no. 1 — Melbourne; Sydney. 1931 — 

HARVARD UNIVERSITY—Farlow herbarium of cryptogamic botany. 
Contributions. Vol. [i] — Boston, etc. 1883 — (Incomplete) 

HEMLOCK ARBORETUM at “Far Country.” Bulletin. No. 1 — Ger- 
mantown, Pa. 1932 — 

Ipauo forester. Vol. xiii - Moscow, Idaho. 1931 — 

KAKTEEN-KUNDE. Heft 1 — Berlin. 1933 — 


Forms new series of ““Monatsschrift der Deutschen kakteen-gesell- 
schaft.” 
Kaunas—Universitas Vytauti Magni—Hortus botanicus. Scripta. 


Tom. i — Kaunas. 1931 —> 

Kivu—Laboratoire des produits végétaux et de l’herbier du Service 
forestier. Communications. No. 1 — Bruxelles. 1930 — 

LENINGRAD—A kademiya nauk—Byuro po evgenike. Izvestiya. No. 
1-9. Petrograd. 1922-32. 

Makirinc echo. Vol. xi, no. 2,4, Laguna. 1932. 

MINNESOTA studies in plant science. No. 1 — Minneapolis. 1932 — 

NATIONAL nut news. Vol. xv, no. 1 — Chicago. 1932 — 

Revista espafiola de biologia. Tomo i, cuaderno 1 — Madrid. 
1932 => 

REVUE agrologique et botanique du Kivu. No. 1 — Bruxelles. 
1932 — 

SAGHALIEN CENTRAL EXPERIMENT STATION. Reports. Ser. 2. For- 
estry. No. 1 -> Konuma. 1932 — 

SOCIEDAD ESPANOLA DE HISTORIA NATURAL. Resefias cientificas. 
Tom. vi, num. 1 > Madrid. 1931 — ) 

Tarnoxu—Imperial university—Faculty of science and agriculture. 
Annual report of the Taihoku botanic garden. No. 1 — Taihoku. 
1931 > 

Toxyo bunrika daigaku. Science reports. Section B. Vol. i, no. 
4-10. Tokyo. 1932. 

Warsaw—Université—Institut de botanique systématique et de 
phytogéographie. Publications. No. 2, 6, 7, 10, 12, 13, 15-17, 
19, 20, 22-25, 27 — Cracovie, etc. 1927 — 
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On November 8, 1932, fifty-five periodical titles were sent for pub- 
lication in the “Union List of Serials.” 


Among other important accessions are: 


Ames, Mrs. Blanche Ames. Genera of the Gymnospermae, [Mono- 
cotyledoneae, Archichlamydeae and Metachlamydeae or Sym- 
petalae], with their more important economic species arranged 
after Engler & Gilg. N. P. [1916-17.] 4 photographs. 

Reproductions of charts made by ‘Mrs. Ames for the use of classes 
in economic botany at Harvard University, showing relationships of 
economic plants given in the form of family trees. 

[Iwasaki, Tsounemassa. Phonzo zoufou. Index. 1, 2. Yedo. 
1916?] 


LANCKMAN, C. Catalogue d’une belle et riche collection de rosiers a 
fleurs doubles; ainsi que toutes d’arbres a fruit, plantes de bruyére, 
d’orangerie, et un grand nombre d’arbustes et plantes de pleine 
terre. Gand. 1817. 


Lowe, Edward Joseph. Beautiful leaved plants. By E. J. Lowe 
assisted by W. Howard. London. 1864. 60 colored plates. 


CONGRES INTERNATIONAL DE BOTANIQUE ET D’HORTICULTURE, Paris, 
1878. Comptes rendus. Paris. 1880. 


SCHWIMMER, Johann Michael. Ex physica secretiori curiositates, 
non minus utiles, quam jucundae. Jenae. 1672. 


“A collection of very remarkable discourses on various subjects of 
natural history. Most remarkable is chapter vii, “Conjugium et 
sexus duplex vegetabilium,’ which proves Schwimmer to have been a 
very early forerunner of Linné, whose “Sponsalia plantarum” did not 
appear till 1746. The earliest dissertation, “De sexu plantarum,” 
mentioned by the bibliographers is that by Camerarius, 1694, i. e., 
twenty-two years later than this book.” 

[Exxrorr, Stephen. Botanical manuscript. 1810-14.] 
_ This appears to be an early draft of his “Sketch. of the botany of 
South Carolina and Georgia,” which was much altered and enlarged 
before printing. 
Letters to, and other manuscripts by, Stephen Elliott. 
1790-1829.] 


-These manuscripts together with the preceding, given to Professor 
C. S. Sargent many years ago, have but recently come to light and 
they prove to be of considerable interest. The letters comprise thirty 
from Henry Muhlenberg, 1808-1815, written in a very fine hand on 
foolscap paper, one from Zaccheus Collins, 1815, informing Elliott 
of Muhlenberg’s death. Four are from William Darlington, 1827, 
twenty-four from Dr. James MacBride, one from George Arnott 
Walker Arnott, 1828, one from William Prince, 1828. Twenty-seven 
letters are from S. Boykin, F. Boie, J. Vaughan, Wm. Swainson, 
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Wm. Thouin, Thomas Say, Dr. Lewis Schweinitz, John Brace, and 
others. An interesting short letter is from John Abbot, 1817, re- 
garding some of his drawings of insects. Several thousands of 
Abbot’s drawings exist in Europe. The British Museum has seven- 
teen stout quarto volumes of them all bought from Francillon, a 
silversmith in London, and carry Francillon’s name, book stamp and 
printed title-pages, dated 1792-1804. There are also volumes of them 
in the museums of Oxford, Paris, Zurich and elsewhere. 

“Lists of books for the Charleston Library demanded by Stephen 
Elliott, Esq.,” invoices, and letters signed by F. A. Michaux, lists of 
plants, expense accounts, bill of lading signed by Baudry, captain of 
the French brig Danurge, 1829, and twenty-one “Proposals for pub- 
lishing by subscription a work on the botany of South Carolina and 
Georgia, by Stephen Elliott,” with signatures of subscribers, com- 
plete the collection of miscellaneous manuscripts. 

In addition to the Elliott letters the Library possesses several thou- 
sand letters from various writers addressed to different members of the 
staff of the Arnold Arboretum. These comprise letters from many 
eminent botanists, from collectors during their expeditions for the 
Arboretum, and other important letters on botanical matters. To 
arrange these satisfactorily will be part of the undertaking for the 
coming year. 

The collection of nursery catalogues is becoming an important de- 
partment and an effort has been made to obtain the latest catalogues of 
as many firms as possible. 

A large number of books were sent out as inter-library loans to Gray 
Herbarium, Bussey Institution, Harvard Medical School, Harvard Bio- 
logical Laboratory, Harvard Forest; Harvard College, United Fruit 
Company, Michigan State College, University of Iowa, West Virginia 
University, Canada Department of Mines, Tufts College, Marine Bio- 
logical Laboratory, Yale Forestry School, New York State College of 
Agriculture, Dartmouth College, Smithsonian Institute, Massachusetts 
Institute of Technology, McGill University, University of Pennsyl- 
vania, American Museum of Natural History, Antioch College, Uni- 
versity of New Hampshire, Massachusetts State College, Texas Agri- 
cultural Experiment Station, Forest Products Laboratory, Madison, 
Wisconsin, University of Toronto, and Wellesley College. 

In addition to loans, photostats or typewritten copies of references 
have frequently been made when books could not be loaned. 

Fifteen books were borrowed for members of the staff from the 
libraries of the United States Department of Agriculture, Cornell Uni- 
versity, Ohio State University, Harvard College, Pennsylvania Academy 
of Natural Science, Massachusetts Horticultural Society, and Gray 
Herbarium. — E. M. T. 
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Bibliography of the published writings of the staff and students 
July 1, 1932—June 30, 1933 


ALLEN, Caroline Kathryn. 

A monograph of the American species of the genus Halenia. (In 

Annals of the Missouri botanical garden, 1933, xx, 119-222.) 
Ames, Oakes. 

The Arnold arboretum; (report 1931-32). (In Journal of the Ar- 
nold arboretum, 1932, xiii, 447-448.) 

me zene (In American orchid society bulletin, 1932, i, 

An extension of range for Epidendrum rhynchophorum. (In Har- 
vard university, Botanical museum leaflets, 1932, no. 3, pp. 1-4.) 

Insect visitors to Cypripedium parviflorum. (In American orchid 
society bulletin, 1932, i, 91.) 

John Lindley (1799-1865). (In American orchid society bulletin, 
1932, i, 34-36.) 

~ New or noteworthy Philippine orchids. iii. (In Philippine journal 
of science, 1932, xlix, 483-504.) . 

A new variety of Laelia Digbyana. (In American orchid society 
bulletin, 1932, i, 59.) 

An addition to the genus Epidendrum. (In Harvard university, 
Botanical museum leaflets, 1933, no. 7, pp. 1-4.) 

An addition to the genus Hexadesmia. (In Harvard university, 
Botanical museum leaflets, 1933, no. 6, pp. 1-3.) 

Additional notes on the orchids of the New Hebrides and Santa Cruz 
Islands. (In Journal of the Arnold arboretum, 1933, xiv, 
101-112.) 

The Honduran species of Lepanthes. (In Harvard university, 
Botanical museum leaflets, 1933, no. 4, pp. 3-8.) 

A new Bletia from Spanish Honduras. (In Harvard university, 
Botanical museum leaflets, 1933, no. 6, pp. 5-7.) 

A new Epidendrum from Honduras. (In Harvard university, Botan- 
ical museum leaflets, 1933, no. 8, pp. 1-3.) 

A new Octomeria from Spanish Honduras. (In Harvard university, 
Botanical museum leaflets, 1933, no. 4, pp. 1-3.) 

A new Oncidium from Honduras. (In Harvard university, Botani- 
cal museum leaflets, 1933, no. 5, pp. 1-5.) 

The Reichenbachian herbarium. (In American orchid society bulle- 
tin, 1933, i, 98-99.) 

ANDERSON, Edgar. 

Botanizing from an airplane. By Edgar Anderson and Oliver Ames. 
= Arnold arboretum bulletin of popular information, 1932, vi, 
37-44.) 

Growing oranges in Boston. (In Arnold arboretum bulletin of popu- 
lar information, 1932, vi, 45-47.) ; 

The propagation of woody plants. By Edgar Anderson and W. H. 
Judd. (In Arnold arboretum bulletin of popular information, 1932, 
vi, 53-56.) 

Basswood bark and its use by the Indians. (In Arnold arboretum 
bulletin of popular information, 1933, i, 33-37.) 

Color variation in a Missouri colony of Hepatica acutiloba. (In 
Rhodora, 1933, xxxv, 66-67.) 
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Distribution of Iris versicolor in relation to the post-glacial Great 
Lakes. (In Rhodora, 1933, xxxv, 154-160.) 

Jabberwocky [a discussion of botanical names]. (In Arnold arbore- 
tum bulletin of popular information, 1933, i, 41-44.) 

Leatherwood. (In Arnold arboretum bulletin of popular informa- 
tion, 1933, i, 25-27.) 

Plants of current interest. (In Arnold arboretum bulletin of popular 
information, 1933, i, 28-32, 37, 51-52.) 

The River Birch (Betula nigra). By Edgar Anderson and E. J. 
Palmer. (In Arnold arboretum bulletin of popular information, 
1933, i, 6-8.) 

Segmental interchange in chromosomes of Tradescantia. By Karl 
Sax and Edgar Anderson, (In Genetics, 1933, xviii, 53-67.) 

Shrubs attractive in late winter and early spring. (In Arnold 
arboretum bulletin of popular information, 1933, i, 17-20.) 

A simple device for exhibiting flowering shrubs. (In Arnold arbore- 
tum bulletin of popular information, 1933, i, 50-51.) 

Trumpet-creepers. (In Arnold arboretum bulletin of popular in- 
formation, 1933, i, 1-5). 

Vicinism in Aquilegia vulgaris. (In American naturalist, 1933, 
Ixvii, 190-192.) 

Balt.ey, Irving Widmer. 

The cambium and its derivative tissues. vii. Problems of identify- 
ing the wood of mesozoic Coniferae. (In Annals of botany, 1933, 
xlvii, 145-157.) 

Investigation on cambium and its derivative tissues. (In Yearbook 
of the Carnegie institution of Washington, 1932, xxxi, 191-192.) 
Preliminary notes on cribriform and vestured pits. (In Tropical 

woods, 1932, no. 31, pp. 46-48.) 
CHESTER, Kenneth Starr. 

Grafting. (In Arnold arboretum bulletin of popular information, 
1932, vi, 48-52.) 

The problem of acquired physiological immunity in plants. i. (In 
Quarterly revue of biology, 1933, viii, 129-154.) 

Studies on the precipitin reaction in plants. iii. A biochemical 
analysis of the normal precipitin reaction. By K. S. Chester and 
T. W. Whitaker. (In Journal of the Arnold arboretum, 1933, 
xiv, 118-197.) 

Studies on the precipitin reaction in plants. iv. The question of 
acquired reactions due to grafting. By T. W. Whitaker and K. S. 
Chester. (In American journal of botany, 1933, xx, 297-308.) 

Curriz, Mary E. 

Parasitism of myxomycete plasmodia on fungous mycelia. By F. L. 
Howard and Mary E. Currie. (In Journal of the Arnold arbore- 
tum, 1932, xiii, 438-447.) 

DeErRMEN, Haig. 

Cytological studies of Cornus. (In Journal of the Arnold arbore- 

tum, 1932, xiii, 410-416.) 
Exreticn, John. 

The beech bark disease in Nova Scotia. (In Province of Nova 
Te Report of the Department of lands and forests, 1932, pp. 
39-45.) 

Nectria coccinea on beech. (In Phytopathology, 1933, xxiii, 10.) 
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FAauLt, Joseph Horace. 

Arnold arboretum Pathological laboratory; (report 1931-32). (In 
Journal of the Arnold arboretum, 1932, xiii, 448-450. 

Taxonomy and geographical distribution of the genus Milesia. (In 
2 Reed from the Arnold arboretum of Harvard university, 

ii 
Hatcu, Alden Bruce. 

Mycorrhizal and other features of the root systems of Pinus. By 
A. B. Hatch and K. D. Doak. (In Journal of the Arnold arbore- 
tum, 1933, xiv, 85-99.) 

Pure-culture technique for quantitative studies of plant growth in 

' association with microorganisms. (In Phytopathology, 1933, xxiii, 
14.) 

True mycorrhizal fungus in contrast to Mycelium radicis atrovirens. 
(In Phytopathology, 1933, xxiii, 14.) 

Howarp, Frank L. 

Myxomycete plasmodia on fungous mycelia. By.F. L. Howard and 
Mary E. Currie. (In Journal of the Arnold arboretum, 1932, xiii, 
438-447.) 

Jounston, Ivan Murray. 

Studies in the Boraginaceae. ix. (In Contributions from the Ar- 

nold arboretum of Harvard university, 1932, iii.) 
Jupp, William Henry. 

The Great Tree of Tule. (In Gardeners’ chronicle, 1932, xcii, 422.) 

Hardy coniferous evergreens for New England. (In Gardeners’ 
chronicle of America, 1932, xxxvi, 307-308, 314.) 

The propagation of woody plants. By Edgar Anderson and W. H. 
Judd. (In Arnold arboretum bulletin of popular information, 1932, 
vi, 53-56.) 

Raising the Dove Tree from sical (In Horticulture, 1932, x, 386.) 

Ketiey, Katharine Eleanor. 

Bibliography of the published writings of the staff and students July 
1, 1931—June 30, 1932. (In Journal of the Arnold arboretum, 
1932, xiii, 458-461.) 

Kine, Edward. 

Chromosome behaviour in a triploid Tradescantia. (In Journal of 

heredity, 1933, xxiv, 253-256.) 
Koxuskt, Clarence Emmeren. 

Enumeration of the ligneous plants collected by J. F. Rock on the 
Arnold arboretum expedition to northwestern China and north- 
eastern Tibet (additions and continuation). By Alfred Rehder 
and C. E. Kobuski. (In Journal of the Arnold arboretum, 1932, 
xiii, 385-409.) 

An enumeration of the herbaceous plants collected by J. F. Rock for 
the Arnold arboretum. By Alfred Rehder and C. E. Kobuski. 
(In Journal of the Arnold arboretum, 1933, xiv, 1-52.) 

McKetvey, Mrs. Susan Delano. : 

A white pine blister rust demonstration. (In Horticulture, 1932, x, 
331.) 

Taxonomic and cytological relationships of Yucca and Agave. By 

_ Susan D.:McKelvey and Karl Sax. (In Journal of the Arnold 
arboretum, 1933, xiv, 76-81.) 

O’Mara, Joseph. 

Division of the generative nucleus in the pollen tube of Lilium. (in 

Botanical gazette, 1933, xciv, 567-579.) 
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PALMER, Ernest Jesse. 

Sty arnoldiana, Arnold Thorn. (In Addisonia, 1932, xvii, 

The Crataegus problem. (In Journal of the Arnold arboretum, 1932, 
xiii, 342-362.) 

The ferns and fern allies of Missouri. By E. J. Palmer and J. A. 

__ Steyermark. (In American fern journal, 1932, xxii, 105-122.) 

Leaves from a collector’s note book. (In Journal of the Arnold 
arboretum, 1932, xiii, 417-437.) 

The River Birch (Betula nigra). By Edgar Anderson and E. J. 
Palmer. (In Arnold arboretum bulletin of popular information, 
1933, i, 6-8.) 

Some hardy southern trees and shrubs. (In Arnold arboretum bulle- 
tin of popular information, 1933, i, 45-49.) 

Trees used by the pioneers. (In Arnold arboretum bulletin of popu- 
lar information, 1933, i, 38-39.) 

Raup, Hugh Miller. 

Lichens. (In Arnold arboretum bulletin of popular information, 
1933, i, [9-16].) 

Range conditions in the Wood Buffalo Park of western Canada with 
notes on the history of the wood bison. (In American committee 
for international wild life protection. Special publication, 1933, 
i, no. 2.) 

Renoper, Alfred. 

Arnold arboretum Herbarium; (report 1931-32). (In Journal of 
the Arnold arboretum, 1932, xiii, 451-453.) 

Enumeration of the ligneous plants collected by J. F. Rock on the 
Arnold arboretum expedition to northwestern China and north- 
eastern Tibet (additions and continuation). By Alfred Rehder 
and C. E. Kobuski. (In Journal of the Arnold arboretum, 1932, 
xiii, 385-409.) 

New species, varieties and combinations from the herbarium and the 
collections of the Arnold arboretum. (In Journal of the Arnold 
arboretum, 1932, xiii, 337-341.) 

Notes on the ligneous plants described by H. Léveillé from eastern 
‘Asia. (In Journal of the Arnold arboretum, 1932, xiii, 299-332.) 

A second species of Gossypiospermum. (In Tropical woods, 1932, 
no. 32, pp. 6-7.) 

Uniformity in plant names. (In Horticulture, 1932, x, 460.) 

An enumeration of the herbaceous plants collected by J. F. Rock for 
the Arnold arboretum. By Alfred Rehder and C. E. Kobuski. 
(In Journal of the Arnold arboretum, 1933, xiv, 1-52.) 

Supplement to C. T. White, Ligneous plants collected in the territory 
of Papua (British New Guinea) in 1925-26 by L. J. Brass. (In 
Journal of the Arnold arboretum, 1933, xiv, 62-67.) 

Sax, Hally Jolivette. 

Chromosome pairing in Larix species. (In Journal of the Arnold 
arboretum, 1932, xiii, 368-374.) 

Chiasma formation in Larix and Tsuga. (In Genetics, 1933, xviii, 
121-128.) 

Sax, Karl. 

Arnold arboretum Cytological laboratory (report 1931-32). (In 

Journal of the Arnold arboretum, 1932, xiii, 450-451.) 
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Chromosome relationships in Pomoideae. (In Journal of the Arnold 
arboretum, 1932, xiii, 363-367.) 

Meiosis and chiasma formation in Paeonia suffruticosa. (In Journal 
of the Arnold arboretum, 1932, xiii, 375-384.) 

Recent advances in cytology. By C. D. Darlington. (Review.) 
(In Collecting net, 1932, vii, 201-203.) 

Chromosome numbers in Ulmus and related genera. (In Journal of 
the Arnold arboretum, 1933, xiv, 82-84.) 

Segmental interchange in chromosomes of Tradescantia. By Karl 
Sax and Edgar Anderson. (In Genetics, 1933, xviii, 53-67.) 

Taxonomic and cytological relationships of Yucca and Agave. By 
Susan D. McKelvey and Karl Sax. (In Journal of the Arnold 
arboretum, 1933, xiv, 76-81.) 

Tucker, Ethelyn Maria. 

Arnold arboretum Library; (report 1931-32). (In Journal of the 

Arnold arboretum, 1932, xiii, 453-458.) 
WHITAKER, Thomas Wallace. 

Fertile gourd-pumpkin hybrids. (In Journal of heredity, 1932, xxiii, 
427-430.) 

The chromosome complement of Cyphomandra betacea. (In Journal 
of the Arnold arboretum, 1933, xiv, 113-117.) 

Cytological and phylogenetic studies in the Cucurbitaceae. (In 
Botanical gazette, 1933, xciv, 780-790.) 

Studies on the precipitin reaction in plants. iii. A biochemical 
analysis of the normal precipitin reaction. By K. S. Chester and 
T. W. Whitaker. (In Journal of the Arnold arboretum, 1933, 
xiv, 118-197.) 

Studies on the precipitin reaction in plants. iv. The question of 
acquired reactions due to grafting. By T. W. Whitaker and K. S. 
Chester. (In American journal of botany, 1933, xx, 297-308.) 

The above articles cover a total of about 882 pages. 


— 


Staff of the Arnold Arboretum, 1933-34 


Oaxes Ames, A.M., Arnold Professor of Botany, Supervisor. 
JoHN GeEorcE JAck, Assistant Professor of Dendrology. 
ALFRED REHDER, A.M., Curator of the Herbarium. 

JosepH H. Fautt, Ph.D., Professor of Forest Pathology. 
Irvinc WipMER BaItey, Sc.D., Professor of Plant Anatomy. 
Kart Sax, Sc.D., Associate Professor of Cytology. 

Epcar ANDERSON, Sc.D., Arborist. 

IvAN Murray JoHNSTON, Ph.D., Research Associate. 
CLARENCE E. Kosusk1, Ph.D., Assistant Curator, Herbarium. 
ErRnEsT J. PALMER, Collector and Research Assistant. 
CAROLINE K. ALLEN, Ph.D., Assistant in the Herbarium. 
Hucu M. Ravp, Ph.D., Research Assistant. 

Haic DERMEN, Ph.D., Research Assistant. 

Ivan H. Crowe tt, A.M., Assistant in Phytopathology. 
ETHELYN Maria Tucker, Librarian. 

Susan DELANO McKeEtvey, Research Assistant. 

ETHEL ANTOINETTE ANDERSON, Business Secretary. 
KATHARINE ELEANOR KELLEY, Assistant in the Library. 
Louts Victor ScumitT, Superintendent. 


Wit1i1AM Henry Jupp, Propagator. 


228, 


231, 
236, 


ERRATA AND ADDENDA 


line 9 for brevicornu read pubescens 

line 11 for pubescens read brevicornu 

line 22 Bocconia spec., change to Macleaya microcarpa 
(Maxim.) Fedde 

line 7 Meconopsis spec., no. 13077 = M. racemosa Maxim? 
forma 

line 8 Meconopsis spec., no. 14430 = M. punicea Maxim. 
after line 6 from below insert: 

Gentiana Piasezkii Maxim. 

Southwestern Kansu: . Tao River basin, no. 13186 

line 14 from below refer no. 14181 to Stachys Sieboldii 
Miq. (fide Hand.-Mazz.) 

line 4 Pedicularis spec., no. 12255 = P. semitorta Maxim. 
line 21 strike out (L. conglobatum X leontopodioides) 

lines 9 and 11 from below for 60 m. read 200 m. 

line 14 from below for Rhaphidophera read Raphidophora 
line 10 for 3/4 read 1/3 

line 5 from below for 1/4 read 2/3 

line 23 at end of line for chromosomes read chromosome 
line 14 for Lxtv read LXxIVv 

line 4 from below for 000 and 000 read 147 and 174 

line 8 for 000 read 151 

line 14 from below add Synon. nov. 

line 13 from below for Chickrassia read Chukrasia 

after line 1 from below insert: 


Cipadessa cinerascens (Pellegr.) Handel-Mazzetti in 
Symb. Sin. vir. 632 (1933). 
lines 5, 6, 11 and 17 from below and page 229, line 2 for 


Cavalierella read Cavaleriella 
line 7 for 2659 read 3500 
line 3 after Bodinieri insert Léveillé 


INDEX 


Synonyms are printed in italics ; new names in bold-face type 


Asse, E. C., CHester, K. S. and Vzs- 


TAL, P. A., Studies on. the precipitin 
reaction in plants. V. Application to 
plant relationships, 394 
Acalypha Mairei, 234 
Acer and Staphylea, Chromosome num- 
ber in, 386, pl. 81 
Acer sect. Macrantha, 211 
— Cavaleriei, 213 
— Davidi, 213, 346, fig. 
—— glabrescens, 213, 219 
—— horizontale, 213 
— — horizontale, 219 
——tomentellum, 213 
——-trilobata, 221 
— Forrestii, 216, fig. 
——caudatilobum, 217, fig. 
— Grosseri, 219, fig. 
—— Hersii, 220, fig. 
— Hersii, 219, 220 
—laxiflorum, 214, fig. 
——longiphyllum, 215 
—laxiflorum, 216 
—— integrifolium, 213 
——longilobum, 215 
— — ningpoense, 347 
— Maximowiczii, 217, fig. 
—Metcalfii, 221, fig. 
— Pavolinii, 219 
—sikkimense serrulatum, 346 
—taronense, 215, fig. 
— urophyllum, 217 
—sp., 220 
Aceratorchis tschiliensis, 7 
Achillea Ptarmica, 38 
Aconitum Anthora, 12 
—— anthoroideum, 12 
— gymnandrum, 12 
—laeve, 12 
— Napellus semigaleatum, 12 
—rotundifolium tanguticum, 12 
—volubile, 12 


Aconitum volubile flexuosum, 12 

——var., 12 

Actaea spicata erythrocarpa, 10 

Actinophloeus linearis, 62 

—microcarpus, 62 

Additional notes on the orchids of the 
New Hebrides and Santa Cruz ~ 
Islands, 101 

Adenophora gracilis, 36 

— liliifolioides, 36 

— marsupiiflora, 36 

— Potanini, 36 

— Smithii, 36 

—=sp., 36 

Adenostemma viscosum, 67 

Adiantum latedeltoideum, 2 

—monochlamys latedeltoideum, 2 

— pedatum, 2 

Agapetes stenantha, 350, pl. 74 

Agave and Yucca, Taxonomic and cyto- 
logical relationships of, 76, pl. 55 

Agnostophyllum superpositum, 66 
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—— brevipes, 225 

— brevipes, 226 

— sessilicarpa, 226 

Brass, L. J., A supplement to C. T. 


INDEX 429 


White, Ligneous plants collected in 
the territory of Papua (British New 
Guinea) in 1925-26 by, 62 

Brass, L. J., Appendix, list of herba- 
ceous plants collected in New Guinea 
by, 65 

Brassica juncea, 16 

Bupleurum longeradiatum, 23 

—microcephalum, 23 

—sp., 23 

Buxus Bodinieri, 236 

— cephalantha, 237 

—Harlandi cephalantha, 237 

—megistophylla, 236 

—microphylla aemulans, 236 

— Myrica, 236 

—sempervirens microphylla, 237 

Cacalia deltophylla, 39 

— Potanini, 39 

—sp., 39 

Calamus nannostachys, 62 

Callicarpa Cavaleriei, 239 

Calonyction bona-nox, 67 
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